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VOL. CL—No. 2620.] 
A veling & Porter, Ltd., 
RocussTsr, Kent, 
and 72, Cannon Street, Lonpon. 
STEAM ROLLERS. ROAD LOCOMOTIVES, 
STEAM CULTIVATING MACHINERY. 
STEAM WAGONS. TRACTORS. 
CEMENT-MAKING MACHINERY. 4621 


A. G. Munford [4 


CULVER STREET WORKS, COLCHESTER. 
On ApmiraLtTy anp War Orrice Lists. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 

See Advertisement, page 24. 


PATENT .WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS, 


And Auxiliary Machinery as supplied to the 
Admiralty. Od 








2179 


Yranes.—Electric, Steam, 


HYDRAULIO and oa 
of all types and si 
GEORGE RUSSELL & *O0., 
Motherwell, near Glasgow. 


STEEL TANKS, PIPES, GASHOLDERS, &c. 


ITThos. Piggott & Co., Limited, 
BIRMINGHAM. 4457 

See Advertisement last week, page 79. 
“Son, 


Plenty and 


Limrrep. 
MARINE ENGINEERS, &c. 
Newsury, ENGLann. 9983 


Mexhine Tools in- Stock :— 


Vertical DRILLS, to admit 18 in., 26 in., 
and 36 in. diameter. Bolt Screwing MACHINES. 
10}in. centre Special Shafting LATHE. Second- 
hand PLANER, 25 ft. by 6 ft. by 6 ft. 

JAMES SPENCER & OO., Lrp. 4360 
Chamber Iron Works, Hollinwood, Manchester. 


frank “Locomotives. 
wha 7 Workmanship equal to 
Main Line Locomotives. 
R. & W. HAWTHORN, LESLIE & OO., Lap., 
ENGINEERS, NEWCASTLE-ON- ‘TYNR. 


ecial 
ELECTION 
TOOLS. 





LrpD., 
4 
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OF MACHINE 
See page 55. 


—— 


JOHN MAONAB, 
Mary Srreet, 
HYDE. 


dams Sacaniioa 
A H ¥ ork. 


Shell Lathes, 
Sewage & Sludge Ejectors, &c. 





Y#rrow &.-Ce:; bLitd., 
SHIPBUILDERS AND ENGINEERS, 

GLASGOW (formerly of Poruar, Lonpon), 
SPEEDS UP TO 45 MILES AN HOUR. 
PADDLE OR SCREW STEAMERS OF 


Exceptional Shallow Draught. 


VESSELS PROPELLED BY STEAM 
Turbines or 


| Internal Combustion Engines. | - 


(Sampbells & Herter, Li 


Gear Cutting, 


Worm Wheels cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up to 3ft. diam. 


Od 8759 





DOLPHIN FOUNDRY, LEEDS. 4547 


Y{ achts, Launches, or Barges, 


Built complete with Steam, Oil or Petrol 
Motors; or Machinery supplied. Od 3551 
_VOSPER & CO., Lro., Broan Street, Porrsmoura. 


MULTITUBULAR AND 
ochran OROSS-TUBE TYPES. 


Boers. 
See page 76, last week. 





5020 





IL FUEL APPLIANCES. 
Systems 


$ Pressors, Air, Sream. 


For Boilers of all types. 
jag oe haa LIMITED, 
, The Temple, —_ Street, 
Liverpool ; 
109, Fenchurch bt. London, 


Naval Outfite a Speciality. 


4078 


ocomotive Tank Engines 
designed and constructed b: 

MANNING, WARDLE AND OOMPANY 

yne Engine Works, Leeds. 

See their Iusteaved Advertisement page 85, last week. 


R. Y. Pickering & Co., Ltd. 
(ESTABLISHED 1864.) 

BUILDERS of RAILWAY CARRIAGES & WAGONS. 
MAKERS of WHEELS and AXLES of all kinds, 
RAILWAY wane FOR HIRE. 

Ohief Works and Offices 
WISHAW, near @LAscow. 


London Office: 
8, Victoria Strest, WesTminsrar, 8. W. 


achine and Engineering 
WORK of all a undertaken for Manu- 


Bost work, moderate ch Also repairs and renewals. 
Best work, moderate charges. ROSSER & RUSSELL, 
Wharf, Hammeremith. 


PATENT AOT.—Rossar & Russeut, Ltd, 
are to undertake the manufacture of articles 
at present ane abroad, and will be pleased to 
from firms desiring such work executed. 


, Tarren, 
Od 2487 








om 





ne Powerful Keonomic 


MULTI-TUBULAR BOILER (Second-hand 
ft. 9 in. dia, by 14 ft. 6 in. long, suitable for 160 Ib. 
w.p. DESPATCH IMMEDIA' 5200 

JOHN THOMPSON, Boiler Works, Wolverhampton. 


Filler, Horsey, Sons & Cassell, 
pias 2 alga 
SALE AND v vaLU ATION 
PLANT AND Y MACHINERY 
and 


ENGINEERING WORKS. 
11, BILLITER SQUARE, LONDON, EO. 


[vincible (j2u8¢ (j lasses. 


BUTTERWORTH BROS., Ltd., 
Newton joe bend Works, 





Od 1834 








Oa 9768) _ 


@| 


r Sale, One 


Belliss GENERATING SET. 
Compound wound Dynamo, 500 volts, Could be 
easily — to 250 volts. Immediate delivery ; cheap. 
One 65 Kw. Gas-driven GENERATING SET, direct 
coupled Engine, Westinghouse Generator, 
500 volt d.c. Engine would be sold separately. 
One 87 HP. gaye > 500 volts, d.c. compound, 210 
revs. ENNINGS, 
West Waile, Newcastle-on-Tyne. 


275 Kw. 


4576 


~j ohn Bellamy, Limited, 


MILLWALL, LONDON, E. 
GENERAL CONSTRUCTIONAL ENGINEERS. 1216 


Boilers, Tanks & Mooring Buoys 


)Srmis, Prrro. Tancs, Am REecEIVERS, STEEL 
Curmmrxgys, Riverrep Steam and VENTILATING PrPEs, 
Horrsrs, SrectaL Work, Reratrs oF Alt | Krinps. 


ubes, Tron and Steel. 
Edwin Lewis & Sons, 


148, Cannon Sts #.0. Wolverhampton. 


ubes and Nitting 8, 
Z Fitting 


Stewarts and Lovss, LL 


Glasgow and Birmingham. 


4923 





4990 


See Advertisement page 83. 
h Pressure 


mproved H 
I saan tal DISC GLOBE VALVE. 


See our Advertiser: ent in last week's issue, page 20. 
BRITISH STEAM SPECIALTIES, Lrv., 
Bedford Breet, run 


“hom 








sON, 
WOLVERHAMPTON. 4850 


as Eng ines, Suction Plants, 

In ns, Teste and Re s Ex rt 
advice. “Tpnectn M.1. Mech. E., PGrest estore 
Road, Stratford. Telephones : East "1360 ; Stratford 
669. ‘Tel. : Rapidising, London. 1704 


ement.—Maxted & Knott, 


Lap., Consulting Engineers to the British Portlana 
Cement Manufacturers, Ltd., ADVISE GENERALLY 
on pro Cement Schemes FOR ABROAD. 
ADVICE ONLY. Highest references. Established 1890, 
Address, Burnett Avenuz, HuLu. 

Cablegrams: “‘ Energy,” Hull. 


Tus Giascow Routine Stock AND PLiant Works. 


Ht. Nelson & Co., Ltd., 


Builders of RAILWAY CARRIAGES, WAGONS, 
ELECTRIC CARS and BVERY OTHER DESCRIPTION OF 
RAILWAY anp TRAMWAY ROLLING STOOK, 

Makers of WHEELS and Axes, RaiLway Pant, 
Foreme, Surrn Work, Iron anv 488 CASTINGS. 
tered Office and Chief Works: Motherwell. 
Office: Gordon Chambers, 31, Queen Street. 

London Office : 14, Leadenhail Street, aoe 

See IUustrated Advt. in alternate issues. 


Dredging Plant 


OF ALL DESCRIPTIONS. 
FLOATING ORANES. — a oe BUNKERING 


Pi RE oe be TF OIL 
ta: 

30-41, Naw Broan Sr., LONDON. 

See half-page Advertisement, last and a week. 

















e Glasgow Railway 
er Company, 


VAN, @ 
Office—12, Victoria Street, av. 


MANUPACTURERS OF 
RAILWAY CARRIAGE, WAGON AND TRAMWAY 
WHEELS & AXLES. 
CAERIAGE & WAGON pt also 
Cast STEEL AXLE BOXES. 





P. & W. MacLellan, Limited, 


CLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS, 
OF EVERY DESCRIPTION. 
RAILWAY IRONWORK, BRIDGES, ROOFING, ac. | “”"** 
Chief Offices : 129, Trongate, Guassow. Odi 8547 


THE WELL-KNOWN 


TRON, BRASS, ALUMINIUM. 


Mansfield Sand Co,, Ltd., 





Fine Red Mowing Gna sos 


Mechanics and Metals 


National Bank 


OF THE CITY OF NEW YORK. 
EsTaBLisHEep 1810. 
OAPITAL (Fully Paid) - $6,000,000 
SURPLUS & UNDIVIDED PROFITS $9,000,000 


prudent and camriairs banking 


CE INVITED. 
FOREIGN DEP > 
Buys and Sells 


. Fimances Exports and uly 
tenes Gemanmne on aaaeen. 
Loxpoyw 


Lap. 


4778 
Lap. 








Row’'s 
ATENTS. 





PRICE...6a. 

Br INLAND ] Pou, . 8d. 
oyles Limited, 
ENGINEERS, IRLAM, MANCHESTER. 

FEED WATER HEATERS, 
CALORIFIERS, EVAPORATORS, 
CONDENSERS, AIR HEATERS, P 
STEAM awn GAS KETTLES. 

Merrill's Patent TWIN STRAINERS for Pump Suctions 
SYPHONIA STEAM TRAPS. REDUCING VALVES 
High-class GUNMETAL STEAM FITTINGS. 

__, WATER SOFTENING and FILTERING. 492% 

Yy arrow Patent 
Weeer- -Tube Boilers. 
Messrs. YARROW & O©O,, UNDERTAKE 4 
PRESSING and MACHINING "ot the various 
of Yarrow Boilers, such as the Steam Drums, 
Pockets, and Superheaters for British and roretgs 
Firms not having the pocumaey facilities, 
YARROW & ©0O., Lip., Scorstoun, GLASGOW. 
RAILWAY OARRIAGES, ELECTRIC CARS, &o. 
He. N elson & (Co. | td. 
Tas Guascow Rowtine Stock aNp PLANT vo 
MoruERWELL. Od 3383 


Taylor & Challen, Ltd., 


BIRMINGHAM. 
Presses for Sheet Metal 
See Advertisement, March 10, page 45. 


PRODUOTS. 





nai Matthew pa & Co. 4 


Levenrorp Works, Dumbarton. 4635 
See Full Page Advt. page 44, March 10. 
HIGH-CLASS 


elta Metal. a. 


D® Ctal. ENGINEERING ALLOYS 
ong n; . 
er ELTA OUETAL 0O., Lap. 


4906 
Offices and Works : East GREENWICH, " LONDON, 8.E. 
To Let, on Hire, with Com- 
petent Men, Fowler 8 HP. et Ab rp nen 
LOOO, and, Wagons; also 5-ton Com 
aes 


with Trailers and Foden Wagons. Al! plant Aaya i 
fect condition and less than one year old.—OQHA 
OPENSHAW, Lrv., Broadway Buildings, Rendie 060 
Flectric “Motors for Sale, 
various sizes and voltages, new, second- 
MALOOLM & ALLAN, L1p., 499, Eglinton 8t., G 
"Pome, 508 Gorbals. Tele., Rheostat, Glasgow. 





796 


in Stock.— 





ocomotives 


California on worke Stoke-on- Trent, & 
LOCOMOTIVES, with cylinders bem 


diameter (inclusive), for all 
4 ft. 84 in.—Appl ye Skt & 00. Lam 
5, Broad Street Place, 


Punch a “Shear Machine 
4784 


Th pe and the Cheapest.” 
“ e 
Satisfaction Guaranteed. Established 
BROS., West Mounr, HALIFAX. 
OHANTIERS & ATELIERS 


ugustin - \Jormand 
67, rue de Perrey—LE HAVRE 
(France). 





aninlgies 3890 
Destroyess, Seupete, Rares, Sesiae sae Tae See 
7 echmanue Submersible Boats. 
NORMAND’S Patent Water tab Boller, Goal or Of 
Heating. Diesel Oil Engines. 


Rubber 


Packings 





MANUFACTURERS 


* Redstone” 

“ Bluestone” 

GUTTA PERCHA & RUBBER, LIMITED, 
Toronto Canada. 


(jentrifugals. 


pot (jaseels & Williamson, 
MOTHERWELL, SOOTLAND. 


See half-page Advertisement page 60, Feb, 2. 








ro 


FOR. APVERTISEMENTS AND PUBLICATION, , 35 & 36, BEDFORD STREET, STRAND, LON DIWIV, sR aiCHe 
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[the Manchester Steam Users’ 


ASSOCIATION, 
For the Prevention of Steam Boiler Explosions and for | work 
the ema toy en! in theApplication of Steam. 
Mount Star ag’ MANCHESTER, 
Chief Enbineer E. STROMEYER, M.LO.E. 
Founded ‘98 A Sir W. Famsatrx, 
under the 


7B oman of aw issued : perl 

orksh: Act, 1 Com ion for Damages 
ops and 

5 


Liabilities paid in case of 
Boilers inspected during 

Inst. Mech. E,, 
neering Exams. 


[st C.E., 
_— cal engineers 1.0.8. sucnesses 252 


meg 
soachin 
out of 3 Ae ro Baylies Prizes, ‘‘ Proxime Accessit.” 
Special features for foreign candidates. Write for 
booklet, &c.— Address, , Offices of Exe 


A National Need. 


BRITISH SCHOOL OF AERONAUTICS. 
Aeroplanes and Airships. Construction, Design and 
Draughtemanship. 

Complete Postal Courses. Fees Reasonable. 
Instalments taken. 
36, Maiden Lane, W.O. 4337 














TENDERS. 
TO MANUFACTURERS ONLY. 


THE COMMISSIONERS OF HIS MAJESTY’S 
WORKS, &c., are prepared to receive 


aia Ton for the Supply 


MAIN SWITCHES, MAIN FUSES. 
SWITCH FUSE and FUSE BOARDS during a period 
ef One Year from the let April, 1916. 

Forms of Tender, Conditions of Contract, and all 

see a may be obtained on application to the 
troller of Supplies, H.M. Office of Works, 18, 
Queen Anne’s Gate, Westminster, 8.W. 

The Commissioners do not bind themselves to 
accept the lowest or any Tender. 

Tenders must be delivered before Eleven a.m., on 
Friday, 24th March, 1916, addressed to THE 
SECRETARY, H.M. Office ot Works, &., Storey’s 
Gate, London, 8.W., and endorsed “Tender or 
Main Switches, &.” 

H.M. Office of Works, &., 

14th March, 1916. D 826 


THE SOUTH INDIAN toon yond hn ggasi 
Loren, are prepared 


[renders for the “Supply 


Quiton TrivanpruM Brancn (Metre Gauge). 
No 1. ROLLING STOCK :- 
Ten Steel-covered Goods 
Seven Steel High-sided Bogie 
Five Steel Ballast Wagons. 
Three Underframes for Combined Brake Van 


and Horse Boxes, 
No, 2, LAMINATED, VOLUTE, and HELICAL 
SPRINGS. 
fications and Form of Tender may be obtained 
7 Company's Offices. 
Tenders, addressed to the Chairman and Directors 








e Wagons. 
Wagons, 


of the South Indian eS Ave Rape arosg Ps Ltd., marked | EXCH 


“Tender for Rollin; or as case may 
be, roust be left at : Offices of the Company not 

ter than One o'clock, on Wednesday, the 29th 
instant. 

The Company is not bound to accept the lowest or 
any Tender. 

A charge, which will not be returned, will be made 
of 208. for each copy of § fication No. 1, and 10s, 
for each copy of Specification No. 2. 

Copies of the Drawings — be nt men, 
ment, at the Office of Ronsrr Wars, Eeq., M. 

Conmulting Engineer to the Company, 3, Victoria 
Street, 8. 
91, York Street, Westminster, 8. W. 


14th March, 1916. D 830 








APPOINTMENTS OPEN. 


A ssistant Manager Required, |e 

immediately, by Midland firm, steam engine 
builders and general engineers. Permanent job for 
right man,—Address, stating experience and salar: 
required, D 832, Offices of ENernzErine. 


TECHNICAL INSTITUTE, WIMBLEDON. 








ngineering Instructor, 

Practical, WANTED for _ Practice. 

Salary £130 per annum. Must be ineligible for 

military service. 

Form of application and further particulars may 
be obtained from 

W. A. HARWOOD, Principal, D 343 

Technical Institute, 
adstone Road, Wimbledon. 


orks Engineer Wanted, to 


superintend the erection of mectaates), 
electrical and extensive chemical plant - large | 
works; London district. State ly oxen. 
ence and other ea salary required. 
prospects. —.Address b ., — & Co,, 
Advertising . Agente, Finch Lane, E. I bond 


Warteda aChemicalEngineer, 


required who be Leys sar see ly. Will be 
to reside a tem y.—A >» at 
noe, stating experience and salary to +4 care 
Sie & Oo., Advertising Agents, Finch e, E.C. 

D 81 








5 


ussia.—Capable and Ener- 
getic Commercial ENGINEHR UIRED, 
who has , nb yey Bae —e eaaastee in 
Russia. Must be trained engineer, thorough! 
versant with Russian business and able to A enw 
write fluent Russian and En 
Applications, which will treated in confidence, 
must give full particulars of technical and business 
 eerpery | ee D809, 
of Ener 


ssistant IE 








ineer Required, 
egw oe. neers in Westminster. Good 
trical and feueral raf engineering ment oe expe- 
trification k desirable. — 


SR 
D'823, com saling age experi 





Engineering 


be Wanted, in 


er sie tute betas ao omeaios piece-work 
cost of any given article from records. 
No applications f vie ay eligible for ai isn 


will be 
and salary ee ro ee ARD or Prnang 
Lapour CHANGE, mentioning this Journal, 


and D 798. 
J 8 and Tool Designer Wanted, 
igh-claes tment 


in London district, for 

work for the War Office. Those residing more than 

10 miles away, or already engaged on Government 
arte need not write. 

Apply, by letter, ned ho a of references, and 

stating salary —— 338, Watson's, 6, 

Bouverie Street, E. D 762 





We for Controlled 
Fe reyes Firm in Birmingham, an Expe- 
rates of wages. 


Sones aia k hat S A 

~~ one on S48, wor! ~ iy 
nearest BOARD OF f  TAbOUR vid 

CHANGE, mentioning this paper eee ma D 822. 


ge Works Foreman Re- 


—. for abroad. Must be experienced in 

and gantey work, about 30. Slight 

ao all French essential.—Address, D 756, Offices 
of ENGINEERING. 


anted, in Government- 
controlled establishment in the Midlands, a 

fete plate and reliable FOREMAN, to take charge of 
De able to. shop from 16 gauge to 4 in. plate. Must 

to give accurate working estimates, and have 











Government 


Wanted, for 


work, in Derby, 

CHIEF TOOL DRAUGHTSMAN, 
experienced in the design of tools for automatic and 
hand turret lathes. 

It is essential that applicants should have had 
experience in the manufacture of small accurate 
parts. 

No man on Government work need apply. 

Apply, stating age, experience, salary expected, 
and a reference, to the nearest BOARD OF TRADE 
LABOUR EXCHANGE, mentioning this paper and 
No. A 370. D775 


enior Draughtsman Re- 


QUIRED, to take charge, of small drawing- 
office. Heavy commercial vehicle experience an 
advantage. Controlled establishment. No one on 
© seh angig em de work need spply.< —Write, stating e 
rience and age nearest LABO 
Lys OHANGE, mentioning thie paper, and quoting 

52. 


ne or Two First - class 


DRAUGHTSMEN REQUIRED, a with 
experience - hydraulic pliant works 
machinery. ) cage already lan ade yo on Pn 
ment work will State experience, age, 
salary required, and when at liberty. eH to the 
nearest BOARD OF TRADE re HANGE, 
mentioning thie Journal, and D 512. 

Wanted, for 
ents of gas cnatens;: Gen 


[)aughtsman 
pleats, pipes, &c. Must be ineligible for the y By 


general arran; 
tate age, experience, wages required, and date when 
at liberty. No person already employed on Govern- 
ment week will be engaged.— Apply, nearest LABOUR 
EXCHANGE, mentioning this Journal and D 740. 


Dracghtsmen Wanted, for 


aeroplane work ; any man capable of adaptin 
himself to above may ‘apply. Applications treated 
confidentially.—Write to your nearest LABOUR 
ANGE, mentioning this paper and No. A 1619. 
No person on Government work will be engaged. 

D 834 


Praughtsmen, Electrical, 
ED, for design of (1) A.C. and D.C. 
machines, (2) controllers and contactors. Those 
with good shop experience preferred. No man on 
Government work need apply.— Apply, stating 
qualifications, age, salary required, and earliest date 
can commence, to your nearest BOARD OF TRADE 
LABOUR EXCHANGE, mentioning this weet and 
No. A 1571. D818 


raug htsman, Capable, 


ano RED, ea to hydraulic presses 
accumulators, pumps, &c. State age, a 
and salary required, with references.' No perso’ 
poamorer FA pom oo 9 on Government work will be 
engaged y, nearest LABOUR EXCHANGE, 
ning . ia Journal and D 831. 


| Oxi Draughtsman Re- 


JIRED, experienced in steam turbine work.— 

No i. already employed on Government work 

will be engaged.—Full particulars, age, npr 

and salary required to nearest LABOUR EXOHANGE, 
mentioning this Journal and D 766. 


Woe Draughtsmen, for 


ie work.—State experience, age, aid 

and give references to nearest LABOU. 

BYOHANGE, mention: this Journal and D 810. 
No inte comnel. already employed on Government work 





























anted, Immediately, by 


munition works, several good 

EN, for general work ; modern machine 
ence a recommendation, ‘but not essential. 
t first-class men of long experience need 


apply. State w required and full particulars. 
spol. 3 siready « —— on Government work 
will a engaged.—Apply, nearest LABOUR EX- 
CHANGE, mentioning this Journal and D 824. 


‘Wanted, for Government 


work, in Derby, several 
ASSISTANT TOOL DRAUGHTSMEN. 
Experience in milling jigs, drilling jigs, or Cleveland 
automatics essential. 

Applicants should have had good technical training 
and preferably experience in the shops, 

No man on Government work need apply. 

Apply, stating age, experience, salary expected, 
and areference, to the nearest BOARD OF TRADE 
LABOUR EXCHANGE, mentioning this paper and 
No. A 371. D776 


Herginec:: -—Wanted, by the 
Arsenal Cocgeuties Society, Ltd, 
Woolwich, FOREMAN for mechanical and clectrical 
installation, and fleet of petrol and steam 
—_ be technically compatent and able to control 
Permanent position if suitable.—Reply, ane 
ualifications and references (copies only 
above address. A 
gineer.” 


DRAUG 
oes e 











knowledge of acetylene welding work. 
No ene oF b present en, on Government — need 
ap —Reply, stati age, experience, salary 
required, to Rnnry LABOUR EXOHANGE, men- 
tioning this Journal and D 801. 

Shop 


anted, Machine 


FOREMAN, accustomed to modern methods 
of manufacture, with experience of 3.3 shells pre- 
ferred; Manchester district. No person already 
employed on Government work will be engaged.— 
Apply to the nearest LABOUR EXCHANGE, men- 

tioning this Journal and D 802. 


Mechine Shop Foreman 


REQUIRED, with + knowledge of 
modern saa shop practice. No n rent ga 
employed on Govermanat work will te on ed. — 
Apply, nearest sy ~ tag EXCHANGE, pa oning 
this Journal and D 


Wanted, - hashine Shop 


FOREMAN, for Bolton works. Must bea first- 
class man, with ‘thorough knowledge of —— 
turning, planing, and slotting machines; also 
organizer. No one already employed on Government 
work will be engaged. 

Apply, stating wages required and full qualifica- 
tions to your nearest LABUUR EXCHANGE, men- 
tioning this paper and D 793. 


anted, Boiler Maker, 


Working Foreman, over about 35 men con- 
structing small water-tube boilers and light plate 
work, in controlled establishment doing Admiralty 
work only. Permanent situation to suitable man. 
District, Eastern Counties. State ex 














rience, age and 
wages required. No — al dy employed on 
Government work will be Apply, nearest 
LABOUR EXCHANGE, mentioning this Journal 
and D 845, 

oremen and Assistant 

FOREMEN, several first-class, for machine shop 
in the Midlands. Applicants must have held similar 
positions, and have up-to-date experience with 
turrets, capstans and centre lathes. Good wages and 
permanent positions to the ht men. None on 
Government work need apply.— Write, » giving fullest 
details, to your nearest LABOUR COHANGE, 
quoting reference A 1602. D 799 


Foreman and Assistant Fore- 


MAN, for fitting and machine shop of engineering 
works ia Midlands, engaged on munitions work and 
Government controll Must be capable of ane 
charge of works plant, which includes hydrauli 
pneumatic, and electric installations. State age 
experience, and salary required. No one on Govern- 
ment work will be engaged.—Apply to your nearest 
a EXCHANGE, mentioning this pore and 

848 


Frereman 








Miller, Experienced 
accustomed to modern methods, who must 
have held similar ition ; also ASSISTANT FORE- 
MAN (must furnish good references) for motor works 
in the Midlands; also a FOREMAN for machine 
pa ag bere (about 60 machines), small capstan and 

bar lathes; must be accustomed to accurate work, 
and held similar position for some years, and able to 
furnish good references. Good pay. No one already 
on Government work need apply.— Write, nearest 
LABOUR EXOHANGE, mentioning this Paper, | and 
reference A 1589. D749 


A Large Firm of Engineers, 


Bg nn te, have an O 
ucation as premium l, 
pad oka “a lede oa works and wren Rng ll via 
Address, 4359, Offices of Encrveszine. 








SITUATIONS WANTED. _ 


Forge Manager, full, practical, 
and cones 5, egy se a of all classes of land 
marine engine 

TION, at home jae hae 





3, DESIRES SITUA: 
L, Urficesof sof ENGINEERING. 


(40), Trained 


entleman 

iser, Manager, REQUIRES 

POSITION’: of “TRUS with company a ‘ 
munitions, expert machine tool designer, &c., and 
the handling of all automatic machinery, uction 
of small, aceurate repetition work, munitions, &., 
and high-class engineering specialities, Admiralty ard 
War Office. Oan take up almost immediate! y.— 
Address. in confidence, D 842, Offices of ENGINEERING, 


A dvertiser RequiresSituation 

as manager or foreman in any branch o1 engi- 
neering. Has considerable experience as manager of 
works. Well up in millwrght work and all kinds of 
modern machine tools, and general engineering work 
Thoroughly practical. Just réturned from India. 
Willing to go abroad.—Address, D 807, Offices of 
ENGINEERING. 


echanical Engineer 


Works Manager (42), public school, with 
20 years’ experience of construction work and 
works control, including mining, is OPEN to ACCEPT 
APPOINTMENT as works manager of munitions or 
other large factory, or in other responsible capacity 
demanding similar qualifications. Highest credentials. 
—Address, D 841, Offices of ENGINSERING. 


Hy2gineers Representative(42) 

SEEKS POSITION, South ; 25 years’ first-class 
experience ship’s deck ‘machinery. Good connec- 
tion Government and Mercantile Officials.—Address, 
D 839, Offices of ENGINBERING, 


ales Engineer, Exceptional 

position, resident Westminster, London, OPEN 

for ENGAGEMENT by country or Colonial firme. 

Remuneration by results.—Address, D 484, Offices of 
ENGINEERING. 


Fiagineer, Discharged H.A.C. 


(25), married, DESIRES iaoe with sales 
— of engineering firm or allied trades. 
Spite endid connection amongst ver users, merchant 
ses, &c. Present position stagnantowing Gov. taking 
aan output.—Addrers. D 814. Offices of Ex@mnRERING 


ngineer (Mechanical), with 
3 years’ practical and technical experience, 
DESIRES POSITION as assistant Rae anor or 
engineer; accustomed to water and hydrogen gas 
plants and oil- hardening plants, including catalyst 
reducing plant, synthesising vessels, vacuum refining 
pans. cellent reference.—Address, D 825, Offices 
of ENGINEERING. 


Epgineer (36), with Wide 
practical all-round experience, REQUIRES a 
POSITION of responsibility in munition works, or 
otherwise. Good draughtsman, first-rate mechanic, 
and accustomed to take charge of men; recently in 
charge of erection of a large plant of machinery for 
Government (now completed).—For fuller ' particulars, 
address, stating position offered, D $47, Offices of 
ENGINEERING. 


Hyagineering Assistant (age 28) 
ineligible for Army, SEEKS SITUATION. Has 
good knowledge of general engineering, drawing, 
workshop and office supervision, estimating, pur- 
chasing, &c. Oan farnish excellent references.— 
Address, D 806, Offices of Excineerine. 


oung Mech. Engineer 

(Scandinav jan) SEEKS POSITION during the 

War. Two years’ superior gate poole in a 

of steam and Diesel engines, and has (one 

Dees, in erecting big works in England. —Address, 
Othces of ENGINEERING. 
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Foreman Engineer for small 
launch building and repair works. Good ex- 
perience in building small machinery and general 
repair work, estimating cost, &c. A knowledge of 
petrol motors and electrical fittings would be of 
advantage. Permanent employment to an energetic 
capable man. Non-eligible preferred. No person 
abeaily employed - eral partis — be en- 
giving full particulars of e 

and wages required, po hems LABOUR SxORANGE, 

mentioning this Journal and D 767. 


unition Factory Requires 

several JIG and TOOL Ce also INSTRU- 
MENT MAKERS and TURNERS, willing to learn to 
oid Sharpe satonsenis eaachinen. “ip porven. sleepy 
Ana Pt pe ag —s will be considered.— 2 
se the nearest LABOUR 
ce) ANGE. aeatioalan ¢ this Journal and C 87u. 


Wanted, Turners, Millers, 


ae ant LATHE OPERATORS, ——_ 
and TRACERS. Good wages and to men 
accustomed to high-class work. No man al 
engaged on Government work need apply.—Apply at 
nearest LABOUR EXCHANGE, ae 
ournal and No, A 1613, 


A Technical Assistant Re- 


QUIRED, with machine-tool trade experience. 
One with man 
Address, D 849, Offices of 














Hyagineering Pupil. —Vacancy } money 


sada ng teat Ss eee Ar manu- 
aguas, to ; maead yronian.  Aahven, on, ott, 
Prpil. —: — The eas and 


is oie for | 











[taughtsman (41), Ener etic 
and capable, SEEKS RE-ENGAG 
splendid civil-engineering experience; has cng since 
outbreak of War, chief draughtsman in connection 
with important contracts, which are about completed. 
At liberty at 14 days’ notice.—Address, D 779, ‘Offices 
of ENGINEERING. 


| ees -class Draughtsman Open 


for CHANGE, present position held 5} years, 
as leading hand, with | firm 

thoroughly experienced in d 
cylr. and w.-t. boilers and 
Highest references.—D 840, 


PARTNERSHIPS. 
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in London ; 
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ments, 
of ENGINEERING. 











ora a 
Partnership 
should write fully to 
WHEATLEY KIRK, PRICE & OO., 
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STRESSES IN FERRO-CONCRETE 
ARCHES. 

In Le Genie Civil, some little time ago, M. 
Mesnager, the eminent French civil engineer, gave 
a remarkably simple method of determining the 
stresses in ferro-concrete or other rigid arches. 

It is based on two assumptions, both generally 
realisable in practice—viz.:—(1) That the centre 
line of the arch is parabolic. (2) That the moment 
of inertia of the cross-section increases between 
the crown and the abutments according to the 
law I cos 6=J,, where I, denotes the moment of 
inertia of the section at the crown, and @ the in- 
clination of the arch line at the point where the 
moment of inertia is I. Take, for example, an 
arch rib of homogeneous material, and of simple 
rectangular section and of uniform breadth. Then, 
if the depth at the crown be 12 in., the depth h at 
any other point would, on this hypothesis, be equal 


to _—-_., so that if at the springings 6 were 
‘Neos 6 
30 deg., the depth would be :— 


13 = 18.1 in 
N 0.5 


The plan, therefore, consists in building the! 


(4314) 








arch to a standard type, chosen so as to permit of 
the whole of the stresses being readily determined 
by means of a simple graphic construction as 
follows :— 

In Fig. 1 let ABC represent the centre line of 
the arch, and let W denote a load applied at any 
point of the ve Take C E equal to one-fifth the 
rise CD, and draw. FG horizontally. Take CO 
equal to one-third C D, and draw H K horizontally. 
Let R be the point in which the line of action 
of W cuts FG. 

Join RH and RK and from O draw OL and 
OM parallel to RH and RK respectively. Join 
RM and RL. Then the intercept between these 
two lines and the arch gives at every point the 
bending moment in the arch to the same acale 
that the triangle LRM represents the bending 
moment produced by the load on a straight girder 
simply supported. For example, in the latter case 
the bending moment directly under the load is 
represented by RS. To the same scale, the corre- 
sponding bending moment on the arch is repre- 
sented by RT. Similarly, L A represents the bend- 

~ae at — ee and B M that at the 
other, the two being in this case of o ite sign. 

Further, since ‘all parabolic rai gps dale, 
the bending moments produced by a given load 
will be the same whatever the rise. Hencea single 

drawn to a large scale, can be used to 
find the stresses on every standard arch whatever 
the rise or span. On the very usual assumption 
that the work done in compressing the arch-ring 








is negligible in comparison with that done in 
bending it, the construction gives rigidly accurate 
results for the type of arch heme Sas a vast 
proportion of the arches built there seems little 
objection to the adoption of M. Mesnager’s stan- 
dard form, and the saving in labour will be appre- 
ciated by all who have worked out the stresses in a 
rigid arch by the usual methods. 

In view of the great advantages of M. Mes- 
nager’s method, a demonstration of its accuracy 
may be welcomed by some of our readers. 

Using the method described in EwcringEeRinc, 
February 1, 1895, let ACB, Fig. 2, represent the 
centre line of an arch-ring loaded by W, as indi- 
cated. Assume DEF to be the line of resistance 
of this load ; then a certain thrust T, say, acts on 
the arch along the line DE, and another thrust 
along the line EF. Let G be the point at which 
the line D E cuts the vertical through CO. 

Then the action of the left-hand half of the arch 
on the right-hand half can be replaced by a force 
T acting in the direction indicated in Fig. 5, whilst 
the action of the right-hand half on the left hand 
can be replaced by a numerically equal force acting 
as indicated in Fig. 3. These forces T may be 
resolved into their horizontal and vertical com- 
ponents P and §, as shown. 

At a section H J on the right-hand side of the 


FB 


arch the bending moment is obviously :— 
M=P(a+y)+S2- Wz 

which, if N be put equal to P a, may be written as : 
N+Py+S8Sa2-Wz. 

On the left-hand side of the arch the bending 

moment at H’ J’ is similarly given by :— 
M’=N+Py-Sz. 

For simplicity let the half-s be unity, and let 
k be the distance of W from the centre line of the 
arch. Then the work done in bending the arch is : 


u=|(N+Py4+Sap 28 

as d ” 2EI 

8 d 

+ [iow Py+S2- W(x - W)Papy 
Sk 


ds 


8 
+ [ov Py -S2Porr 


0 
By Castigliano’s principle this must be a minimum 
with respect to N, P, and S. That is :— 
dU _dU_dU_g 
aN a8 
But 
8 
pad -| “(N+ Py+ 82) o* 
§ ’ ds 
+ [ics +Py+S2-W(l- eT 
a 


. d 
+ [wr sey-sogy 
Q 





This reduces to :— 


2U_e.e01" ds ar ds 
oN 7 oF 2’ (N + Py) = * - w [ie gt. 
But, in M. Mesnager’s standard arch, 
ds_dz 
I ) 


1 
| (z-k)dx=0 


k 


1 
oe 2| a+ Pxae— Ww 


0 
dU 
dP 


1 
2 (N+ Py)ydz-W 
0 


(1) 


Similarly, from = 0, we get :— 


1 
[ @-nvar=0 . (2) 
k 


whilst dU 


a8 = 0 gives :— 


(3) 


1 1 
2 | sxaz—w| (z—k)adxa=0 
0 k 


The arch being parabolic, y = fx. On making 
this substitution, and effecting the integrations, we 
get :— 


2 is it 
N+ 5P) ot k) 

2 2 Ww 

= = = 3-4k + kb 

li ake! 19 ' ) 
and 

gu 2- Skt 
4 

Solving for N and P we get :— 


<a = 2 
N = go (3 16k + 18 # - 5b). 


Pf= ol 2k +e). 


The bending moment at T (Fig. 1) is therefore :— 
N+Py+Sk=P(y + EO). 
.". EO, the height of the point R above the level 
of the crown of the arch, is given by :— 
N+S8Sk 
EO="—- 
3-64 +3k $2 f f 
" 32 "15 (1-28 +h) = 5° 
The moment at the left-hand abutment is 
(Fig. 1):— 
PxLA=N+P/-58S. 


- _N+P/f-S 
~LAz Pp 


_2f 144k-68—4 + 5h 
— 1-2 +k 
2f 1+5k 
15 1+k 
6 2,1+5k 8/2+k 
“ FL=5f-i5f 14k = liek)’ 
But if H R cuts OE atc 
FL=2FH-Ec, 
and 
Ec=FH . 
1+k 
2+k 
1+k’ 
1 1 _ 8 
ag =) = 15% 
15° 1+k 
which is the value found by calculation. 
Similarly :— Het 
~~ - 
on" 2: i © 
both by construction and by calculation. 


FH= ( 





ON THE WHIRLING SPEEDS OF 
LOADED SHAFTS. 

By Wiu1am Kerr, A.R.T.C. 
(Concluded from page 226.) 
APPENDIX A. 

ALTERNATE Discussion. 

Tue essential points of the result already given 
may be arrived at in a somewhat simpler and 
briefer fashion, if we neglect I', and deal directly 
with the forces. It was, in fact, by this method 
that the result was first obtained, but it was re- 
jected in favour of the more complete investigation 
rendered possible by the employment of Lagrange’s 
equation. 

In the following equations let :— 
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m = deflection of shaft, : - 
€ = elastic force of shaft per unit deflection, 
e = eccentricity of | 

and all other symbols as before. 

If angular velocity is », then, when angle o t has 
been turned through (Fig. 12), we have, consider- 
ing the forces on the wheel :— 

External Forces :— 

+ € m the elastic force of the shaft. ? 
+ W. sin w ¢ the component of gravity in the direc- 
tion of the deflection. 

Effective Forces :— 

+ sims) - © 
rating forces. 

Hence, by reversing the effective forces, and 
adding and equating to zero (after the well-known 
principle of dynamics), we get :— 


.m the total radial accele- 


w 


e.m + W.einwt- - wi (m +e) + — m =0, 
g 


i.€, i— 


Ww 
y 


We m+m(e- .w?,e-W.asin. wt, 


Pe 
g “)- 
or 

(a’) 


and this equation corresponds to(q). Considering 
the particular integral, we have :— 


on €g 2\— w2, e— i 
+ ™ -w?)= w*.e-g.sinwt . 
m ( ) 


1 
a oe as {w.e-g.sinwt} 
D+ (Ww -“) 
(D denotes * 
dt 
=_* 7 gin wt b 
7. a 80 seen sin w - (0b) 


WwW WwW 


From this equation we get m infinite for either 
of the two conditions :— 


€g 2 — €9 
w’ or 2 w® 

These conditions correspond exactly with those 
obtained by the complete investigation. The actual 
values require, of course, a separate determination 
of «. The final result by this method would not, 
however, be in complete agreement with that 
already given, as I’ has been neglected here, and 
not in the other. 

Running Above the Critical Speed.—It may be of 
interest to investigate the effect of applying our 
equation to the running of the shaft above the 
«9 


w?, 


critical speed—i.e., when w* > 


Equation (a') then becomes :— 

€7 
Ww 
and for the particular integral we have :— 


m —m(u? ) = 8. ¢-g.sinwe (a!) 





m= wt 6 Pcs . sin w ¢t. 
(ee) EW) 
WwW WwW 
7 —(-¢ 
= -e)- : ul 
2 oe aoe (b4) 
Ww Ww 


From this equation it will be seen that, as o 
becomes very great, m tends towards the value 
(— e). The physical interpretation of this is that, 
at high speeds, the shaft deflects to such an extent 
as would bring the centre of gravity of the load 
coincident with the axis of rotation. 

This result would also seem to be in agreement 
with that of Foppl. It has been impossible to obtain 
the method of analysis employed by Foppl, but 
Stodola states* that ‘* Foppl in his theoretical 
investigations, under simplified assumptions, proved 
that conditions represented in Fig. 13 give not only 
a probable, but a stable, equilibrium.” On the 
strength of this it can be easily shown that, with o 
infinite, the deflection of the shaft = e. 

It is, however, to be noted that there is a weak- 
ness in the application of our equation to running 
above the critical speed. This weakness lies in the 
fact that thecomplementary function of (a'') involves 
exponential terms. The complementary function is : 


m=Ae Ve = Te s+ Be- Jae J 
es > this case is the base of the natural 
ogarithms). 


* Stodola, ‘‘Steam Turbines,” 2nd (English) Edition, 
page 180. 


Consequently, unless it could be shown that 
these terms vanish (in the general problem), we 
would apparently have a steady growth of the 
deflection, even at constant speed, if that speed 
were above the higher critical value. From expe- 
rience we know, of course, that such a condition 
is impossible. 


APPENDIX B. 
BauMann’s RULE. 

In a paper* published in 1912, Mr. K. Baumann 
gives a simple rule for the calculation of the ordinary 
critical speed value, which should be more widely 
known than it would seem to be. Mr. Baumann 
says: ‘* By well-known methods the critical speed 
and deflection due to gravity were calculated as 
accurately as possible by different engineers . . 
with the invariable result that :— 


w%, = (1.07 to 1.08) ; (c}) 


where f is the deflection due to gravity.” 

By Method I. we have in the process of obtaining 
the critical speed measured the maximum deflection 
due to gravity. This deflection is 0.003357 in. 
Using the above equation :— 

w, = 1.07 2 
we find the critical speed to be :— 
30, 90, /1.07 x 38.2 x 12 _ 
7” 2 0.003357 
3352 revolutions per minute, 
and this result is in close agreement with the 


Fig.22. 
EXTERNAL IMF 
FORCES. AY 


N. = 








ym 
Q m SeG 
result obtained by Method I., which is 3338 revo- 
lutions per minute. Evidence of this nature is, 
however, unnecessary, as equation (c') is quite 
sound in form. 

We have shown in Appendix A how, in the 


general case of a single load, the critical speed 
(higher) can be expressed by :— 


wsm Q 





m SeG 


wo, = £9 
c Ww’ 
where « is the elastic force per unit deflection at 


the load point. Now in such a case it can be easily 
shown that :— 

e 55 

WK’ 


where /, is the static deflection under the load. 
Henc> we have that :— 

wow, = g : 
f 
but since the maximum deflection f will be some- 
what greater than /,, we have :— 


] 
w? =c¢s, 


where ¢ is some constant greater than unity. In 
the case of single loads, the value of f is never very 
much greater than f,, so that c will, in most prac- 
tical cases, be not much greater than unity. 

On the whole, this rule would seem to be of 
great value in practical design, where, in general, 
graphical methods of computation must be resorted 
to. It is much easier to determine the static 
deflection, and apply (c'), than to carry out either 
of the methods I. and If. It is to be realised, of 
course, that, with extreme systems of loading, 
some slight modification of the constant may be 
necessary. 

It would seem desirable to express the ‘‘ new” 
critical speed value by an equation similar to (c'). 
This is readily done from the apparently general 
relation which we have obtained—i.e. :— 


w = 2 w% 


* « Recent Developments in Steam-Turbine Practice,” 
K. Baumann, Proceedings of the Institution of Electrical 





Engineers, January 16, 1912. 





* | impossible. 





Hence we have :— 


w% = (0.53 to 0.54) 7 - @) 

These two equations, (c') and (d'), will permit of 
both critical speeds being obtained from a single 
graphical computation of the static deflection. The 
use of this method is to be recommended, as it 
is fairly simple and is as accurate as the know- 
ledge of the conditions of the problem usually 
warrants. 


APPENDIX C. 
On DunkKERLEY’s Formu.a. 


In dealing with multiple loads on a shaft, direct 
calculation (without graphical methods), embracing 
at once all the loads on the shaft, is practically 
i For this purpose Dunkerley proposes, 
and also extensively uses, a type of equation the 
approximate truth of which has been fairly well 
established by his experiments. If a shaft carries 
several loads, the critical speeds due to each con- 
sidered separately as a single load on a massless 
shaft being N,, N., N;. . ., while the critical speed 
of the unloaded shaft is N'; then the Dunkerley 
formula states that the critical speed of the com- 
bination (N) is given by :— 

1 1 1 1 1 
WN?” Na’ Ne* Ne N* 

This equation has been arrived at by the follow- 
ing process :—* 

If a spring supports a weight W,, and the elastic 
force of the spring is « lb. per foot deflection, then 


Fig.13. E 
From Stodolas ‘Steam 
Turbines 2°™E: nglish) 
Edition Fig.M2.p.179. 


Pisce? 





(3918.6) 





the number of vibrations per second is given by :— 
nt" 
Ny = {. 
If a second weight W, be now attached at the 
same point, we get (if W, be absent) :— 


228 
Ne = §. 
Hence we have for both together :— 
we= _9¢ — N’-N,’, 
Wit W, Nj? +N,’ 
ee ee ee 
“"Ne NZ ON 
This type of equation is used by Dunkerley for 
even fairly elaborate systems of loading, although 
he states that modification by a constant is prob- 
ably desirable in many cases. 
Dr. Chree, in referring to this formula, says 
that, under certain circumstances, an equation of 
i i.e., Dunkerley’s equation—may be 
shown to be true for vibration frequencies. But 
these circumstances seem to include the assump- 
tion that the force of restitution will remain the 
same whether we apply one or a series of loads ; 
and he gives a demonstration of the truth of the 
equation on this assumption. But this takes us no 
further than Dunkerley has already done. That 
the force of restitution should remain the same for 
any arrangement of loads is too improbable to 
justify the assumption. Dr. Chree realises this 
when he states later,t ‘‘even if we assume that 
what is true of transverse vibrations is true of 
whirling, we would have to prove that the addition 
of pulleys at different of a shaft is equivalent 
to varying the load without affecting the force of 
restitution.” ; 
At one point in this work the present writer 
was desirous of obtaining some idea of the nature 
and probable magnitude of the differences between 
the results obtained by the Dunkerley formula and 
those deduced by more correct methods. The 
general problem of the vibration frequency of 4 
massless shaft carrying a number of loads would 














<- Dunkerley’s paper. 
+ Dr. Chree’s paper. 
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seem to be practically impossible, on account of} , = the angular velocity of a point, moving in °M.m. dz 1 {{*/3 3 

the unwieldy and unsymmetrical nature of the|a circle of radius z, and defining the simpl ee | ks nf > 84° )& 
mathematical ex ions. This is so even if there} monic vibration. Se 0 we ae t) ( . . ) 


are only two | 
generally. 

It therefore seemed that the only way to obtain 
the required information would be to simplify the 
problem, by dealing only with symmetrical systems 
of loading. The determination of the natural fre- 
quency of a massless shaft with two loads is with 
such a simplification quite easy, and it is given 
below. In the case of a ter number of loads, 
difficulty is encountered if the shaft deflection is 
dealt with in the usual way. A special method 
is tnerefore used, and the case of three loads is 
given as an illustration. An investigation of the 
case of a uniformly-distributed load is also given. 

The results obtained provide fairly clear evidence 
that the Dunkerley formula gives results that are 
usually on the low, and, therefore, on the safe, 
side. We only deal with vibration frequencies, 
since that is the basis of the Dunkerley formula, 


that is, of course, when treated 





The frequency of transverse vibrations = p, /2 1. 
From the Dunkerley formula we have :— 
1 . 4 
Po? pi? pa” 
It can be easily shown that p’ for either of the 
two loads is :— 


3.9.E.I.1 
W.a?. 2a)" 
Hence :— 
e | — 2xW.a?.4a? _ 8.W. a 
Po? 38.g.EHE.1.8@ 9.g9.E.Il.a 


_ 9.9.E.I ~g-E.1 
2= = = 
$.Wi 88 Ta 


Hence the error in p (which may be taken as the 
error in critical speed) due to calculation by Dun- 
kerley’s formula is: — 


++ Po ° (f) 





+[’ SW a+ 2)- Wa) {1 (a-2)} ae 
0 
+f" (FX +2) ) {1 (a+ 2)} de 


a 
+| Gye. falas ; 
AS pee 


from which we get the deflection hg 


4EI° 
(b) Deflection at H. Central Load. 
) dx 


'M.m.dzx_ 2 ({° SW. ae 
0 
+f’ (3% (a + 2) - Wz } {4(a +2)} dx \, 


EI ~ EI\ 2 


















































and since we have in any case to neglect I’ for the 100 / 324 ~ 430.37 = ich the deflecti -19W @*, 
sake of simplicity. But as it is merely differences /32.4 oe a ee 6K! 
‘ Fig./5. APPENDIX C. CASE JI- MASSLESS SHAFT WITH 
Fig./4. APPENDIX C. CASE I- MASSLESS SHAFT WITH 9 
uJ TWO EQUAL LOADS. THREE EQUAL LOADS. 
Ww Ww Ww Ww w 
| | -e——— —— —————————— SS - - 
SSS ——— SSS ——}- 
) i ii i 
~---@----- ---- Q@ ----24----@----- --A------4 
Penae ee Sea | T qT T 
Snaen enema mane: eek Gas oe ee 
| y —~h, | | | A Bending Moment Diagram 
| Y ty | | ak. ~~ a ose ; 
' Ya mi ! Me r H * ' 
W. : ' i B Moment 
| ZY - a Ne | Cod 2Wa sv Diagrams for Unit 
Fa | | De “2 °°/ \ Loads 
k. ' | ees EE 
—_— Bending Moment Diagram Miss ; ore nny a ee 
Fug.16. APPENDIX C. CASE III- MASSLESS SHAFT WITH UNIFORMLY The kinetic energy is therefore :— 
DISTRIBUTED LOAD. , 
nwt. 4.2 po, SL. Wa |. W361 Wea! 
. hue ' g 16 E? I? 9° 36 E? 12° 
‘ 4 i 1 | Lit iit LLL Lt LLULtEL Lidiiii tit pPeeiieee! = Hence equating strain energy to kinetic energy :— 
Tt $6 Wea? _ Wea! 4,4 (81 , 361) 
seri tae WEI grr 16 72)" 
eae a ‘ 2— 5529 EI _ g.E.I 
a ax --------- a. ------------------ (l-x:)-------------------- + pa? = Weal 1. 
From the Dunkerley formula we have :— 
Kono apie + age igs a eee _ Reena arora CS ENNELY a 1 = i + 1 i 
2 2 2 ry 
we want to get at, the results must be closely} Case IJ. Massless Shaft Oarrying Three Equal| Hence :— jo = = 
applicable to whirling speeds. Loads Equally Pitched. (See Fig. 15.) . > ow . ‘ 
Case I, Massless Shaft Corrying Two Equal Loads| From consideration of the bending-moment dia- 1, 3-W.e BaP  W . (30h. (Be) 
Symmetrically Placed. (See Fig. 14.) gram as before, for the strain energy of the bent pt Bg. Hl.da 3.9. K.1.4a 
From symmetry the deflections under the loads| shaft, we have :— 9. ¢-9-EB.I_ g.E.I 
will be the same, say = z. 1 3W 3W 1 We ows 
; a oe se a a 
erent ae Cadets int tos . “EI { 2( = iy ha-h. 2 ) Hence the error in p due to calculation by 
= 2(3 W. 2). Dunkerley’s formula is :— 
But the strain energy is also given by :— +(e 2a. 4, Se), Were + 4. s)} a 
_ : 2 2 2\ 2 2 “ (= - eam) = 3.7 per cent. 
‘ ~ 12ETI° Case IIT. Massless Shaft Carrying Uniformly- 


where A is the area of the bending-moment diagram, 
and y is the ordinate of its centre of gravity. 
Hence :— 
{2 ( 


s 1 


i Wa? Wa oy Wa\\ 
ee ee be ) + (Wax 2) 


2 3 
_ 5 W2a?. 
- 6EI’ 
_ 5 Wai, 
° 3(3.W.s) = 
.* <= 5 wa 
6EI 
When the shaft vibrates, the strain energy in 
the bent position will be equal to the kinetic energy 
— passing through its undeflected position ; 
ence :— 





owe? 2 42H 2, (SWOy 

6EI g 6EI/° 

° _6.9.E.I g.B.I 
os pat= = . (2 
a ee ll 





We now require to determine the deflections 
atthe load points. Obviously the deflections will 
be the same at G and K. To determine these 
deflections in the usual way means that we have 
first to find the equations to the deflected shaft. 
This is a very involved process, and, instead, we 
here make use of a special theorem known as 
‘‘Frenkel’s theorem.” This theorem states that 
the deflection at any point of a shaft is given by :— 


t 

$= | 

0 

where M is the bending moment due to the actual 


loading; m is the bending moment due to a 
unit load, placed at point where deflection is 


required. poe 
“We will replace ds by dx, which is justifiable 
in view of the small deflections. 

(a) Deflection at Gand K. Outer Loads :— 


M.m.ds 


EI 





Distributed Load. (See Fig. 16.) 
The natural frequency in this case is a standard 
text-book example, and we may write at once :— 


- OcMeks 
pa? = 97.55 


where W = total load = w l. 

In applying Dunkerley’s formula in this case we 
suppose the shaft divided up into infinitesimal 

rtions, and deal with a massless shaft carrying a 
oad equal in weight to that on the infinitesimal 
portion. 

Let dx be portion at distance « from origin at 
left-hand end, then :— 


_3.9.E.1.7 
w da x*(l— ay? 
w = load per unit length. 


os? = 


1s © a(t - ep dz. 
— sina? 
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HIGH-PRESSURE CENTRIFUGAL PUMPING PLANT AT EDMONTON, CANADA. 
CONSTRUCTED BY MESSRS. DRYSDALE AND C©O0., LIMITED, ENGINEERS, GLASGOW. 
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Now, by Dunkerley’s formula :- - 


a Ph Ryo eee, 18 
Po? Pur* Pag? px? 
t 

1 w 
= ™ (a2 @ — Qla3 + xt) dx 
Pv? sEtgal, 
i ._ wilt 
9.E.I.9 
2-99 7-E.T 
agi we 


Hence the error in this case, due to calculation 
by Dunkerley’s formula, is :— 


100( /97.55 — /90.0 
97.55 
From these three investigations we see how the 
Dunkerley formula seems, in general, to give a 
low result. It is also to be noted that the error 
is very much the same for all three cases, being'-— 


3.2 per cent. low for two loads. 
3.7 A » three loads. 
3.95 ,, »» Uniform loading. 


The nature of these results shows that the force 


) = 3.95 per cent. 

















of restitution does not remain the same whether 
we apply one or a series of loads. Nevertheless, 
it would seem as if the force of restitution tended 
to a constant value as the number of individual 
loads increases. 

The designer should therefore realise that by 
the use of the Dunkerley formula (in practical cases 
of a supported shafts at least) he obtains a 
margin 0 ety of approximately 4 per cent. 





HIGH-PRESSURE CENTRIFUGAL PUMPING 
PLANT AT EDMONTON, CANADA. 
GRAVITATION systems of water supply to the growin 
cities in the plains of Canada cannot well be cdopted 
under present conditions, and recourse must be had to 
pumping In many instances of late it has been 
C) advantageous, all things considered, to employ 
for this purpose centrifugal rather than as 
pumps, in spite of the very high thermodynamic an 
mechanical efficiency of the latter when operating at 
high lifts. These advan are, however, in many 
cases outweighed by the lower first cost, both direct 
and indirect, of centrifugal plant, and its easy main- 
tenance. There is, moreover, the added convenience 





asese) Mdllions of Gallons per 24 Hours 


that when electrically driven, centrifugal pumps may 
be “oo 2 where most convenient from the standpoint 
of hydraulics, without regard to the situation of the 
power- house. 

On the present and opposite pages we illustrate 
high-lift centrifugal pumping plant erected at Edmon- 
ton, Alberta, by Messrs. Drysdale and Co., Limited, 
Ferry-road, Yoker, Glasgow, to the order of Mr. R. H. 
Parsons, Assoc. M. Inst. C.E., at that time in charge of 
the water and electricity supplies of the city. There are 
two sets of pumps, each of which is capable of delivering 
10 million gallons per 24 hours at a pressure of 110 lb. 
per sq. in. Each unit is direct coupled to an auto- 
synchronous motor of 850 brake horse-power, operating 
with 2200-volt three-phase sixty-cycle alternating 
current, supplied by the City Power Plant. The selec- 
tion of auto-synchronous motors for driving these 
pumps was decided on because of the great ease of 
starting as compared with motors of the ordinary 
synchronous type, and because of the anew of 
correcting lagging currents, by means of leading cur- 
rent in the motors by suitable adjustment of the 
exciter current, thus materially benefiting the power 
factor of the generating station. ? 

The general arrangement of the pumping plant is 
shown in Figs. 1, 2, and 3, on the present page. The 
pumps are connected to suction and discharge-pipes, 
each of 36-in. bore, the water dealt with being taken 
from a sump situated inside the pump-room. This 
water is first of all lifted from the Saskatchewan River 
by low-pressure pumps and delivered into a settling- 
pond, thence gravitating through a series of mecha- 
nical filters to the sump above mentioned. The dis- 
o- main is directly connected to the sagem en 
of the city of Edmonton, which extends on both 
banks of the Saskatchewan River. Non - return 
multiple flap-valves are placed in the rising mains, 
so that, in the event of a shut-down of the pumps 
from any cause, the contents of the city pipe-lines 
cannot run back. In order to meet the contingency 
of a stoppage in the electricity supply, a steam-driven 
pump is also provided, which can maintain during 
repairs an emergency supply to the city. Venturi 
meters are also placed in the rising main, so that a 
record of water used may be obtained, and the economy 
of the plant checked or corrected. The maximum 


estimated capacity for a considerable time to come 
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Fig. 4. 
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will be under 10 million — day, and thus one 
unit is sufficient to provide for all requirements. 

The grouping of the control-valves is so 
that there is no cessation in supply when changing 
over from one pump to the other, and in view of the 
high pressure prevailing on the delivery side, the sluice- 
vale are provided with reduction gearing, thus mini- 
mising the labour of the attendant and making quicker 
manipulation possible when it is desired to chan 
over. Isolating valves are fitted on each of the pump 
suction branches, thus permitting either unit to be 
drained out and opened up for inspection, without dis- 
turbing the operation of the other set. The sme 
when run together and connected in series, are capable 
of developing o pressure of 160 lb. per eq. in. for 
fire service, and owing to the di ition of valves, 
very little time is required to bring this increased 
pressure into use on the rising main. 
service is called for, one or other of the sete is already 
running under domestic supply conditions, and there- 
fore to bring the extra pressure on the mains, it is only 
necessary to prime the stati unit from the de- 
livery main, start up the motor and open up the various 
valves. 

It will be observed from the valve arrangements 
indicated in Fig. 2 that only three stages are utilised 
for this duty, the delivery from the pump already in 
service being coupled to the suction of the second 
stage of the pump, brought in as auxiliary. No flow 
therefore takes place through the first s of this 
pump. To protect against overheating of the idle 
stage, a by-pass is provided which can be opened out 
after the pumps are on full load. The routine fol- 
lowed in changing over from normal duty to fire 
service is as follows :—Sup that pump No. 1 
(Fig. 2) is that in service, diso ing at a pressure of 
110 lb. per eq. in. The water enters through valve E 
and discharges through valve A. Valve D, on the 
suction of the other pump, is shut, but valves B and C 
are open, so that pump No. 2 is filled with water at 
high pressure. o get it in series with the other 
pump, it is started, and as soon as it is running at 
speed valve A is shut, and the full fire pressure of 
160 1b. is discharged through valve B. Thus only one 
valve has to be maar her we. 1 When the fire service 
is no longer required, the pump giving the extra 
pressure may be cut out, whereu the pressure 
drops to that required by the domestic supply with- 
out fluctuation or cessation of flow. The initial prim- 
ing of the pumps is effected by steam-ejectors, there 
being no foot-valve or other obstruction causing loss of 
head on the suction main. By adopting this means 
the danger of water-hammer in the pumps is elimi- 
nated. Kach pump is coupled to its motor through a 
shrouded flexible coupling of the belt type, while rigid 
alignment is secured by mounting pump and motor on 
a heavy cast-iron bed-plate. 

A section of one of the pumps is shown in Fig. 4, 
page 249, a special feature of the design bei 
the provision made for the ready renewal of all 
wearing parts. The shaft between the stuffing-boxes 
is entirely cased in hard-bronze sleeves, while renew- 
able clearance - rings are provided at the impeller 
eyes and peripheries. The centre bearing is of lignum 
vite, housed in an easily-removable -metal shell. 
The oe are of —— phosphor-bronze, and 
designed to give a high efficiency for the conditions 

revailing. ey are securely fixed to the shaft b 
eathers, and registered by the shaft-sleeves 
lock-nuts ; these latter being placed outside the pump- 
casing, so that their tightness may be verified at any 
time. There is thus nothing inside the pump-casing 
on which any fibrous matter entering with the water 
can be entangled, the rotor presenting everywhere a 
surface free from projections. 

The importance of accessibility in pumps of this size 
lies largely in the fact that a machine which can be 
dismantled easily a care and 
more frequent inspection w be the case if 
examination of the interior or withdrawal of 
entailed removal of pi valves, or other heavy cast- 
ings. In these pumps the removal of the outer akon 
with its bearings exposes the first-stage impeller. When 
this is withdrawn, the intermediate piece can be 
removed, and it may be noted that a _ non-rusting 
liner and the provision of bushed plugs for the inser- 
tion of drawing-bolts ensure that ese will be no 
difficulty in doing so. All bearings for both motors and 
pumps are of the oil-ring lubricated type, thus giving 
® minimum outlay on oil ; and the compiete bushes can, 
moreover, be removed without disturbing the shafting. 
A multiple collar-thrust bearing is ‘embodied in the 
a ae gry x —s Pees by the left of Fig. 4. 

is bearing is lubrica' ts) ing through o 
central hole in the shaft, B Anand is distributed by 
centrifugal action. 

It will be observed from Fig. 4 that there are no 
guide-vanes in these pumps, ont it is claimed by the 
makers that with special of volutes 
and impellers adopted the efficiency obtained is equal 
to that of the best turbine (or guide-vane) pumps, the 
accessibility greater, and the initial cost mainten- 
ance considerably less. Further, overloads can, it is 


When fire | 24 





stated, be taken much more readily than with o 
turbine-pump, and there is not the same danger of 
brea due to the of solids in the form of 
loose timber, stray bolts, &c., which can sometimes 

ain access into even the best-protected pipe systems. 

e castings are of a special tough grade cast iron, 
amply strengthened, and are designed to withstand a 
test pressure of 350 lb. per sq. in. Particular attention 
has tom given to the draining arrangements, so that 
in the event of severe frost, there is no danger of 
cavities containing water freezing, and putting exces- 
sive strains on the castings. 

As stated previously, the motors driving these 
pumps are of the auto- synchronous, self- starting 
type, each rated for a continuous load of 850 brake 
horse-power, the temperature rise not exceeding 70 
deg. Fahr. above the surrounding atmospehre after 
hours’ continuous operation, with a lagging or 
leading power-factor of 80 per cent. This can be 
adjusted to unity by exciter current regulation, whilst 
overloads of 50 per cent. can be carried for 5 minutes 
without undue heating, and 100 per cent. overload 
momentarily without ma from mechanical stress, 
heating, or other causes. e efficiencies guaranteed 
are 93 per cent. at 25 per cent. overload, 93 per cent. 
at full load, 92 a cent. at three-quarter load, and 89 
per cent. at half load. 

This type of motor was adopted by Mr. Parsons 
owing to the trouble experienced in ie ordi- 
nary synchronous motors on a pump load. uction 
motors might have been used, but as the pumps were 
normally running under much less than full load, the 
power factor would have been unsatisfactory. The 
autosynchronous motors start up like induction motors, 
and when up to speed the exciter-brushes are shifted 
forward b d. This raises the exciter volts, and 
increases the exciter current in the windings until the 
les are strong enough to pull themselves into phase. 
| - he by adjusting the exciter-brushes backward 
and forward, a considerable correction for power factor 
is possible. The machine will = out of synchronism 
with an overload, and go back to synchronous speed 
as soon as it can. 

The method of starting is similar to that of a wound 


rotor induction motor, the speed being brought up to | P° 


synchronism by the manipulation of an external 
starting resistance placed alongside the switchboard. 
On the last step of the rotor resistance unit the ma- 
chine is running as nearly as possible at synchronous 
8 , and at the proper moment the field-circuit is 
rown on by means of a double-pole knife-switch. 
The exciter voltage is then adjusted by means of the 
exciter-brush gear, and when the proper value of 
the exciting current is obtained the machine drops 
into synchronism, and operates as an ordinary syn- 
chronous motor, with the difference, however, that it 
will not fall out of step and stop should the voltage 
of the supply circuit drop suddenly, due to short- 
circuit or excessive overload. In this case the motor 
will drop out of synchronism, but will continue to run 
as an ordinary induction motor. When the voltage 
has recovered, the machine will automatically drop 
into synchronism, and continue to —_ as before. 
The motor is of the revolving field type, and built 
throughout for continuous full-load running, both 
from the electrical and mechanical point of view. All 
windings consist of former-w coils, carried in 
half-closed slots and protected by mica insulation. 
The stator-winding is Y connected, and the neutral 
point —— out to a terminal. The collector-rin 
chi 


are of ed cast iron, and are provided with mul- 
tiple copper-carbon brushes, the brush rigging being 
arran, so that one brush can be removed while 


running, without interfering with the operation of 
the machine. 

a = i FF gee ew ee a number of 
single- pole s es of the knife-blade type, equipped 
with interlocking devices so arranged that the operator 
must cut out each switch in its turn, thus bringing 


parts | the motor up to speed gradually. These switches are 


mounted on . rigid steel a. containing the 
necessary grid resistances. e whole equipment is 
of absolutely fire-proof construction. ‘The exciter 
tor is mounted alongside the starter, so that 
justment of power-factor and synchronising can be 
carried out with a minimum of effort. The main oil- 
switch and instrument are of the Ferranti fire- 
proof — type, — motor being supplied by a 
separate er e generating station, so 
the risk of breakdown is reduced to aminimum. All 
mountings necessary for the control and recording of 
electrical input are supplied, including ammeters, 
overload relays, no-voltage trips, voltmeters, and watt- 
hour meters. The general arrangement of the plant 
as installed is shown in Fig. 5, page 249, which we 


reproduce from a pho ph. 
A point of pth ne. le importance in water-works 
pumping plant is the maintenance of constant pres- 
sure irrespective of the demand for water. By suit- 
oy ee the impeller and volute it is 
ible to give a delivery pressure which rises as the 
ischarge increases, thus compensating for the fric- 


, tional losses in the rising main and maintaining prac- 





tically a constant pressure of water at the distributing 
centre up to and considerably over the normal capa- 
city. ese characteristics are embodied in the 
pumps described above, the general performance at 
synchronous speed being shown in the diagram, Fig. 6, 
page 248, together with frictional resistances in the 
pipes and pressure values at distributing centre. 

n order to provide against overloads due to a break 
in the rising main, the design is arranged to give self- 
regulation in regard to the power absorbed with 
abnormal discharge, while, in addition, the circuit- 
breakers on the motor-panels are set to cut out at a 
predetermined overload, so that a ‘‘ wash-out” is 
prevented in the event of the delivery main bursting, 
such an accident being accompanied by a large reduc- 
tion in pressure and abnormal delivery at the pumping 
station. 

With to pump efficiencies, the values ob- 
tained on test were 76 per cent. on 25 per cent. over- 
load, 78 a cent. on full duty, 73 per cent. on three- 
quarter load, and 60 per cent. on half load. It is thus 
seen that the combined efficiency of the plant, from 
: power point of view, is high throughout the range of 

uty. 





“THE 4600-1LH.P. MARINE DIESEL 
ENGINES OF THE M.V. ‘CEARA.’” 
To THE Ep1ToR OF ENGINEERING. 

Siz, — With reference to the article appearing in 
ENGINEERING of yer OI 1916, on the ‘* Marine 
Diesel Engines of m.v. ” I would like to point 
out some misleading statements made therein. 

First, the total indicated horse-power is claimed at 
4600, which apparently is correct; but later on in the 
table, and through the whole of the article, this 4600 
indicated horse-power is set in as brake horse-power, and 
this is com with the brake horse-power of other 
engines, thereby making the comparison altogether wrong. 
The same refers to the corresponding mean pressure, 
which is apparently for indicated horse-power, not for 
brake horse-power, as stated. Taking these statements 
into consideration, it therefore seems to me that the 
whole article is d in value, as it is quite possible 
that the oil consumption also is taken on the wrong basis, 
and apparently should be 0.44 1b. per indicated horse- 
wer. ‘The statement that the scavenge pump ratio 
1s very ample is not correct. It is just what it should be 
for this size of engine for a good scavenge, and the average 
good combustion is no art where the engine only has a 
small maximum mean pressure, such as 68.5 Ib. per sq. in. 
This apparently has nothing to do with the special form 
of the combustion space, as claimed in the article. 

Farther, the article talks a great deal about excellent 
cooling. The writer is apparently not aware that excel- 
lent cooling is a thing that is not wanted for a Diesel 
engine, as the more effective the cooling the higher are 
the stresses on the material and the lower the efficiency 
of the cycle. With reference to the weight comparison 
between the two-stroke and the four-stroke-cycle engines, 
I can say that up till now the weight of the four-stroke 
engines been much less than the two-stroke, taking 
the same diameter and stroke into consideration, and for 
the same brake horse-power the weights are nearly the 
same, and in some cases less. There are already in ser- 
vice submarine motors of four-stroke lighter the 
same horse-power in the two-stroke type. 

The writer of the article states that the engines of the 
Ceara have an over-all length, including the flywheel, of 
30 ft. 6 in., but on the drawing it measures 35 ft. 3 in. 
How is this explained? The 1450-brake-horse-power 
engine that is taken for comparison is apparently the 

ippi engine, the over-all length of which is 
36 ft. 8 in., and not 46 ft., as stated in the article. It is 
also stated that this ship is of unusual interest; but I 
cannot see that itis of very much interest as compared 
with a Diesel ship for mercantile marine, seeing that it is 
a dépét ship, and can lie idle for ten months out of the 
ear, and need never stand rough seas and non-stop runs 
or months. 

We are all very much interested in the evolution of the 
large two-stroke engine, but the design of the engine 
shown I do not think is a solution of the question, and is 
by no means so far advanced as the Sulzer two-stroke type. 

Yours faithfully, 
V. MIcKELSEN. 

Hyndland, Glasgow, March 3, 1916. 


[Mr. Mickelsen, when he wrote on the 3rd inst., could 
not have been aware that in the issue of that date (page 215 


ante) we published an pointing out that the 
power of the main engines of this ship is 4600 B.H.P., 
the substitution of “I.H.P.” for ‘‘ B.H.P.” being a 


regrettable printer’s error. This, however, might have 
been quite apparent to those reaps e = co 
engine practice, especially in view the fact that in 
other references in the article the brake horse-power was 
stated as 4600. The fuel-oil consumption at full power 
is, as given in the description, 0.44 Ib. per brake-horse- 
power hour, and the design and the oes of the main 
parts must be “‘excellent ” from the Diesel-engine point 
of view to achieve this low consumption. ; 

The relative volume of the scavenging pumps of this 
engine is ample, since the figure of 1.65 to 1.7 1s average 
practice for this power and type of engine, and the 

mps of the Ceara’s engines, with a relative volume of 
rye the largest which have so far been built, and of 


which particulars have been published. 

The weight per brake horse-power of the two-cycle 
engines the m.v. Ceara is much lower than any 
figures hitherto published for four-cycle engines of the 
slow-running type, as is apparent from an inspection of 
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the various designs. A consideration of the increased 
cylinder dimensions with four-cycle engines shows this 

early. When dealing with the weights of engines work- 
ing on the two and four-cycle Lome it is inadmissible 
to compare engines of equal cylinder dimensions. 

The fiy-wheel is not included in the drawings published 
of the ( ’8 engines; the over-all length given of 
30 ft. 6 in. is exclusive of thesmall pumps at the forward 
end, since these can, if necessary, be placed elsewhere. 

We hope — to publish particulars and drawings 
of this ship, and from these it will further be seen that 
there are many unusual and most interesting features. 
With a ae of this t acting as a moving base 
for submarine an following the fleet, much arduous work 
may fall to her lot, and main engines which we have 
80 fully described, being the highest powered installed to 
date, mark a certain progressive step in the evolution of 
the marine Diesel engine.—Ep. E.] 





‘*THE DEVELOPMENT OF THE MILITARY 
AEROPLANE: THE QUESTION OF SIZE.” 
To THE EpiToR OF ENGINEERING. 

Srr,—I would like to cffer a criticism on what is, 
perhaps, the most vital point of Mr. Lanchester’s con- 
tentions on the or ya of aeroplane size, as stated in 
his article published in your issue of the 3rd inst. He 
says that, “‘on J basis of re velocity, fd span 
must vary as root of the gross weight,” in 
other words, that the gross weight is directly propor- 
tional to surface, presu ly in_ accordance with the 

classical formula of air resistance R = k S v*. 

Now since the final performance of any aeroplane 
depends essentially on how much of that performance is 
supplied by the normal gliding of the machine, this 
direct proportionality presupposes that two aeroplanes of 
the same pattern, but of different sizes, give the same 
gliding speed and the same gliding angle if their gross 
weights are proportional to their surfaces. But, as a 
matter of fact, they do not. . 

For instance, in a non-technical article which he pub- 
lished in Land and Water on February 17 last, Mr. 
Lanchester gave as an example that if an aeroplane with 
a spanof 40 ft. weighs gross 2000 Ib. the double scale en- 
largement should weigh 2000 x 4, or 8000 Ib. In that case 
a reduced model, say, of one-eighth of the scale, should 


weigh - 00 or just over 31 Ib., but anyone who has any 
experience of gliders knows that a 5-ft. model weighing 
31 lb. glides very much like a brick. On the other 
hand, a 40-ft. biplane — 2000 lb. glides com- 
fortably at 1: 6 or even 1:7, and, in fact, with 2000 Ib. 


it is rather on the light side and does not glide at more | ° 


than 46/48 miles. 

It would be interesting. to hear from Mr. Lanchester 

for what reason the law of Feo geeane | on which he 
his conclusions should work upwards, when it is 
quite clear that it does not work downwards. 

By means of some unpu formule based on my 
personal gliding experiments, and on observations of 
existing aeroplanes, it is quite simple to account for the 
above discrepancy ; but these formulz show that there is 
& great deal to gain by much larger machines than those 
at + in existence. For obvious reasons, however, 
such information had better be kept out of the public 
Press at the present moment. f 

Mr. Lanchester refers to the Russian attempt at lar 
dimensions more or less as an example of failure. e 
can only mean the Sykorski biplane, which cngeees to 
have been based on the figures I gave in 1912 for a 
44 - ton economical and slow . machine (see 
“7 pom gol June 1, 1912). uilt on that base, the 
Sykorski would, of course, be more or less a white 
elephant from the military point of view. We could, 
however, do something very different to that. 


I need not point out that the question involved in this | 5, 


criticism is one of essential impor and one which 
has unfortunately received very little attention, main! 
laboratory experiments are quite unable to give 
any clue to its solution, whilst free-flight experiments 
are beset with endless difficulties and aiiiees which few 
men have the patience to face. 
I am, yours truly, 
Jose Waiss. 
Houghton, near Arundel, March 15, 1916. 





‘‘ON THE WHIRLING SPEEDS OF LOADED 
SHAFTS.” 
To THE Eprtor OF ENGINEERING. . 

Sir,—Mr. Kerr, in his article on the above subject in 
your issue of 8, deals with the case of as 
De Laval turbine, but seems to have entirely over- 
looked the simplest method of treatment—viz., a shaft 
with a concentrated load simply supported at the bear- 
ings Nos. I. and II. 


When due is taken of the running clearance 
required, the yielding of the material of the to the 
applied load and the deflection of the ho’ due to the 
same cause, I see no reason to consider jou I. as other 
than simply supported. In addition, when considering 
the 1 of shaft affected, I would use the inside 
edge of ing I., because when vibrations are set u 


the shaft will be deflected beyond its normal position, an 

the journal will bear ‘cape and corner” in the bearing, 
and therefore the reaction will act through a small area 
at the inner end of the bearing. 

The reaction at bearing II. will be in the middle of the 
bearing, since the bearing can swivel. Also the shortshaft 
between II. and III. is capable of the necessary 
deflection for simple aepere. Beyond this point the 
portion of the shaft with the pinion need not concern us. 


Y | which I have assumed throughout these 





ie 5 eget, Gat 3.3 bp is too low for the mean 
diameter of shaft, since the portion inside the wheel 
must be equal to, or greater than, 0.3137 in. I propose 
9 mm., or 0.3542 in., in default of more precise data, and 
therefore take 0.28 in. as the mean diameter. 

Using the formula :— 


wt = SEL 
M e;? Ce? 

for a simply supported loaded massless shaft, and insert- 
ing the values :— 

d = 0.28 in 

t= 6.66 ,, 

QQ = .06 ” 

Ce = 4.0 ,, 
I obtain 


w = 950 radians per séc., 
or 
N = 9000 r.p.m. approx. 
Using Mr. Kerr’s value of the diameter (0.25 in.), I 
obtain 
N = 7200 r.p.m. approx. 


 .. that the correct value should lie between these 


ues. 

I think, if Mr. Kerr made a test to find the critical 
8 when the machine was slowing down, he would 
obtain a lower value than 8640 revolutions per minute. 

As I have had the opportunity of studying the perform- 
ance of many machines as similar as the highest class of 
workmanship can produce, I should like to offér my con- 
onthe Gat ‘epend ealsatsind 00 cis 

° criti cu as above agrees very 
closely with the speed at which maximum vibration 
occurs. 

2. Vibration commences about 15 per cent. below the 
critical speed and persists for about 6 per cent. above 
that speed 


In some cases no critical speed could be detected even | sch 


when the turbine was run steadily at the speed producing 
maximum vibration in others. 

Trusting that my experience may be of some interest 
to Mr. Kerr and others, 


I remain, Sir, an faithfully, 
Glasgow, March 11, 1916. . H. Henperson. 


[To save time, we forwarded a proof of Mr. Henderson’s 
letter to Mr. Kerr, whose reply we subjoin.—Eb. E.] 





To THE Epiron oF ENGINEERING. 
Srr,—Mr. Henderson, in his letter dealing with my 
calculation of the critical speed o: ihe small De Laval tur- 
bine rotor, a tly considers that the correct method 
e the shaft as simply supported at bear 
t the correct equiva- 
in., instead of the 0.25 in. 


Taking this latter pee first, I may say that Mr. 
Henderson’s method of arriving at this re of 0.28 in. 
is hardly justifiable, as the diameter of the equivalent 
shaft is not the mean of the various diameters of the 
actual. ides the diameters, the lengths and the posi- 
tions of the various parts must be taken into account. 
This makes the assumption of the uniform diameter a 
matter of some little difficulty. Mr. Henderson has 
assumed the portion inside the wheel as 0.3542 in. I know 
that it is a little less than ,, in., and take it at 0.4 in., 
but, after the usual construction of these small rotors, 
this larger diameter, which carries the wheel, occurs only 
for a fraction of the hub length—say about one-half. 

I have made a graphical computation of the critical 
speed for the conditions which Mr. Henderson has stated, 
using the correct shaft diameters throughout, and find 
the result to be :— 


N. = 7100 revolutions per minute approx. 


As is easily deduced from the results given by Mr. 
, this gives an equivalent uniform diameter of 
about 0.248 in., and therefore merely verifies the figure 
calculations. 
This result also shows very clearly that short lengths of 
relatively large diameter pear the middle of the span have 
really no great stiffening effect, and should not be allowed 
to influence one unduly in the fixing of the equivalent 
uniform diameter. t 

But while I have made this complete calculation on 
Mr. Henderson’s conditions, I am far from believing 
these conditions justified. It constitutes, as he says, 
the simplest method of loading ; but sim oe 4 in such 
case as this is no criterion of accuracy. y whole inten- 
tion in presenting the results of the calculation for this 
small rotor was to show how impossible it is to obtain a 
reliable estimate of the critical speed when the terminal 
oer Hondors ~~ bearing IT imple support, 

’ jerson assumes , 488 simple su 
and that the length of shaft between II. and ITI. is cap- 
able of allowing for this. This is probably true in this 

i case, but I fer to consider the. 

the point of view of that one condition which cannot 
be gainsaid—viz., that i III. and IV. combived 
serve to fix the direction of the shaft at that end, and 
consequently the swivelling bearing II. must suffer the 
conditions accruing therefrom, and is better 
neglected in the estimate of the critical speed. 

But I must take exception to Mr. Henderson’s treat- 
ment of bearing I. This is 9 diameters long, 
and, if I remember aright, the Professor 

” bearings in 


Dunkerley’s paper indicate that the “ fi ; 
his experiments were 10 to 12 diameters . Again, 
with oolaaty suppertes and of eocmnes Neg Se ae 
of support is, admittedly, not quite so far out as the 
bearing ; but it is most certainly not at the 


inner edge. This idea, which is nob uncommon, seems 
to arise from the readiness with whieh the supporting 





condition of a statically deflected shaft can be visualised. 
The — of the rotating shaft is dynamical, however, 
and the question of su is one of the distribution of 
oil pressure. It is hardly credible that this can be con- 
centrated clos the inner edge. While I state this 
argument against the assumption of the inner edge as 
the — of support in cases of free shafts, I submit that, 
in ti partioalar case under discussion, bearing I. can 
hardl . looked upon as a mere support. With such a 
long Coasts. the ‘‘slope” that can be freely allowed 
must be very small, and so, at a comparatively early 
period in the development of the ‘‘ whirl,” the journal 
will bear ‘‘cape and corner”—as Mr. Henderson has it. 
It should be needless to remark that when this condition 
arises, a fixing action has been called into —- and 
the full ‘‘ whirl” will be ee . Co uently the 
whirling speed will be earlier than for a completely fixed 
end, but later than for a free end. 

is is in a ment with the actual results. I have 
shown that with Mr. Henderson’s conditions the value is 
7100 revolutions per minute, and I consider this to ap ag 
if the shaft is free, since the real point of suppor? will 
within the bearing. With the end quite fixed, the 
theoretical value is about 10,500 revolutions per minute, 
while the observed value is in reality 8640 revolutions 
per minute. 

I regret that I did not observe the value on slowing 
down, in order to test Mr. Henderson’s idea of a reduc- 
tion ; but I may say that no such occurrence was noticed 
in connection with the larger turbine. 

I am, Sir, yours a 

Airdrie, March 14, 1916. M. Kerr. 

Tue Titte or ENGINEER In AustTria.—A movement 
is at present on foot in several countries to confine the 
“title” of engineer to those who really are entitled to 
it by having passed the examination at a technical high 

~y + Png my ae pe for Public ht me has 
now decreed that the title of engineer cannot be regis- 
tered in connection with firme, &c., unless the person 
in question has the proper qualification—the ing of 
the examinations at a technical high school. © argu- 
ment is that the registration constitutes a kind of official 
acknowledgment. 





Commissions In THE RoyaL Maninges.—Twenty ap- 

intments as Probationary Second Lieutenant, yal 
Siotann , will be offered for competition at the examina- 
tion for admission to the Royal Military Coll Sand- 
hurst, and the ~ “a Military Academy, Woolwich, com- 
mencing on June 27, 1916. idates must be between 
the ages of seventeen and nineteen on June 1, 1916, and 


~| their names must reach the Adjutant-General, Royal 


Marines, 


35, Spring - ens, London, 8.W., before 
A Wis te ent 


il 1. It shou understood that this notice refers 

ly to permanent appointments in the Royal ines, 
and is not applicable to the entry of officers for tem- 
porary service. 


Ovr Rais Asroap.—The exports of rails from the 
United Kingdom in February showed considerable weak- 
nese, having declined to 3905 tons, as compared with 
14,877 tons in February, 1915, and 385,484 tons in Feb- 
ruary, 1914. There were no shipments of rails to the 
Argentine Republic in February. The colonial demand 
for rails in the first two months of the last three years 
was represented by the following figures :— 





1916. 1915. 1914, 
Colonial Group. Tons Tons Tone 
South Africa .. 131 3,956 20,622 = 
British India .. 4169 14,563 16,149 
Australia ee 317 18,372 35,004 
Canada .. Nil 2 1 





Br.aian Meratiurcy.—There has been, it is stated, a 
slight revival in Belgian metallurgical industry under 
auspices. At the La Louvitre blast-furnaces some 
400 to 100 men are now wee eee on Mondays, while 
at the Nicaise and Delcuve works about half the usual force 
is employed. Structural plant at Bouvy and the Gilson 
rolling-mills are fully employed, while the La Croyére 
rolling-mills, which idle since the war com- 
, have re-opened. The Thiriau blast-furnaces 
are working uninterru ly. The Haine St. Pierre blast- 
furnaces are working three days per week, but the Baume 
rolling-mills have been closed down. The Ougrée Mari- 
haye, the Sambre and Moselle, and the Providence steel 
works are in operation upon a restricted scale. Most of 
the Belgian steel works are reported to have sustained 
considerable loeses last year, even although they may 
have resumed operations in whole or in part. 





Tue Berutenem Sree. Corporation. — Followin 
closely the Midvale acquisition of the Cambria Stee 
Company (see page 239 ante) came a fi announce- 
ment on Fe! 18, says the Jron Age, that the Penn- 

had passed to the Bethlehem 


Steel Company some time ago to add to its output 
Bessemer steel and other general steel products, such as 
bridges, frogs and swi girder-rails, rail fittings, &c. 
Pennsylvania Steel pany’s plants admirably 
supplement those of the Bethlebem Company. That at 
which inheslong necked tor tedpstiopenansed eames: 
i t of ite ex 

trade. The purchase also brings with it favourable ore 
fo nyed yw in the States and in Cuba, and also im- 

t coal ite. isiti Bethlehem 


: 


000 
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THE LEFEBVRE AGRICULTURAL 
TRACTOR. 

WE illustrate on this and the opposite page an auto- 
mobile tractor built by Mr. E. Lefebvre, Rue du 
Champ-des-Viseaux, Rouen, and designed specially 
for agricultural oo. It has a guiding-wheel 
in front and two driving-wheels in the rear ; it 
contains, moreover, on each side an adherence-chain 
which can be thrown in gear or raised out of con- 
tact with the ee according to the draw - bar 
pull required. e chassis, marked a in Fig. 3, 
is built up of steel channel bars 100 mm. by 60 mm. 
(34% in. by 28 in.) in section. carried on the two driv- 
ache we J b, each 1 m. (39% in.) in diameter, and on 
the front guiding disc-wheel c, the diameter of which 
is 760 mm. (293 in.). The motor has four cylinders 
120 mm. (49 in.) in diameter with o 160 mm. (6}-in.) 
stroke, and develops from 35 to 40 horse-power at 4 
speed of 900 revolutions per minute. It drives the 
tractor through the gear shown in Figs. 3 to 9, in 
which the references are the following :— 

d. Driving-shaft. 

e. Sprocket-wheel shaft 
«|, Sprocket-wheel. 

f. Differential shaft. 

g. Driving-chain pinion. 
g'. Driving-chain. 

When the adherence chains are raised the tractor is 
comparable to an automobile of the usual type. The 
chain device is always raised when the tractor travels 
on the road. When it is desired to increase the trac-. 
tive effort for ploughing on heavy ground, the adher- 
ence-chains are lowered, as illustrated in Figs. 2 and 3. 
By reference to this latter illustration, which shows 
the tractor in side elevation, also to the plan, Fig. 4, 
and to the detail parte, Figs. 5 to 9, it will be seen 
that the device consists of the following :— 

h. Toothed pinion. 

bh}. Driving-chain. 

s. Sprocket-wheel 

je a - ram for operating the adherence 


chain. 
j. Clutch on countershaft j. 
k and m. Adherence-chain sprocket-wheels. 
1, Sheet-steel spades on the adherence-chains. 
n. Frame of ad ce-chain. 
o. Adherence-chain guide and tension-pinion. 

The adherence chains, unlike what obtains with the 
** caterpillar ” device in tractors of other types, do 
nor carry the weight of the tractor, or carry but a 
very small proportion of this weight. They act as an 
adjunct to the driving-wheels. Their linear speed is 
exactly the same as the pan pe speed of the 
driving-wheels, and about 40 per cent. of the tractive 
effort falls to the wheels, 60 per cent. being exerted by 
the adherence chains. ‘There are twenty-six spades, 
measuring £ in. by 9 in., on each chain. 

The erence chain is raised or lowered on both 
sides simultaneously in 15 seconds by a gear located 
in front of the driver, the gear consisting of a nut p 
at the front endof the frame-bar x, which travels up 
and down a screw q, this being revolved from the 
main shaft by the bevel gear-wheels r, 7’, and s, and 
the belt-pulleys ¢ and ¢'. Each screw q placed in 
front of the adherence frame is fitted with the bevel 
gears r and r', the right-hand one having a right-hand 
thread, and the left-hand one a left-hand thread. 
In some tractors there are three pulleys side by side, 
a fixed one between two loose ones. o t is 
fitted on one of these latter, and a crossed belt on the 
other, the two loose pulleys revolving therefore oon- 
stantly in opposite directions. By shifting either belt 
on the central fixed pulley, the driver raises or lowers 
the adherence frame. In the tractor we illustrate, the 
raising or lowering of the adherence-chain frame is 
effected by shifting to the right or to the left the 
bevel pinions marked « in the plan, Fig. 4. When the 
tractor is running on roads, the clutch j' enables the 
adherence-chain system to be thrown out of . 
the tractor being propelled by ite driving-wheels 
alone. The adherence chain is kept clean by means 
of the protective coverings u, v, and v! (Fig. 6). 

The aa gear has two speeds, and is 
reversible ; the lower speed is 3.6 km. (2.2 miles), and 
the higher 4.8 km. (3 miles) - hour. The tractor 
weighs about 4000 kg. (8800 1b.) in working order. 
The tractive effort is normally of 2000 kg. (4400 lb.) 
with the chains lowered when ploughing ; it is there- 
fore exactly half the weight of the machine. We are 
informed that in the course of recent tests carried out 
by the French Ministry of Agriculture, the Lefebvre 
tractor, when hauling a balance-plough for two fur- 
rows, was able to cut furrows 12 in. deep and 32 in. 
wide. With a six-furrow plough the depth was 6 in. 
over & width of 6 ft. 6 in. 

The Lefebvre tractors work either with petrol or 
benzol ; firing is by a high-tension magneto. 

This 40-horse-power tractor is also built when re- 
quired with two front guiding-wheels, mounted on an 
axle of the automobile type ; the wheels are 750 mm. 
(294 in.) in diameter and 250 mm. (9J in.) wide at the 
rim. The front axle is connected to the chassis by two 
long plate-springs, which allow the tractor to travel 


THE LEFEBVRE AGRICULTURAL TRACTOR. 
CONSTRUCTED BY MR. EDMOND LEFEBVRE. ENGINEER, ROUEN. 








Fig. 1. 








TRACTOR WITH ADHERENCE CHAIN RalsEp. 














Fie. 2. Tractor with ADHERENCE CHarIn LOWERED FOR PLOUGHING. 


ever ruts without risk of deforming the chassis. The 
back driving-wheels are 1.120 m. (44 in.) in diameter 
and 250 mm. (93 in.) in width at the rim ; the rims 
are smooth, but can easily be provided with clamps to 
increase adherence when required. 





THE GEARED -TURBINE PROPELLING 
MACHINERY OF THE §.8. ‘*NORTHUM- 
BERLAND.” 

WE give on our two-page plate, and on 256, the 

ae em a — of me sage illustrations 

showing the -turbine propelling machin of 
one of several vessels fitted by the Wallsend Slipway 
and Engineering wee a imited. But we prefer 
to delay the complete description of the work until the 

further illustrations are before the reader. The i- 

cular installation described is that for the s.s. Northum- 


berland, built by Messrs. Swan, Hunter and Wigham prod 


Richardson, Limited, of Wallsend-on-Tyne, for the 
Federal Steam ig Company, under the super- 
vision of Messrs. William Esplen, oon and Swainson, 
Limited, engineers and naval architects, of London and 
Li 1. Theturbine machinery isdesigned todevelop 
7700 shaft ce weed in or service conditions, 
and 9600 shaft horse-power er trial conditions. 
Fig. 1, on the two-page plate, is an elevation showi 
y the arrangement of the machinery 

ilers, with the boiler uptakes, funnels, and venti- 
lators. Fig. 2, page 256, is a section at frame 108, 
showing the arrangement of the two forward boilers, 
while Fig. 3 is a section at frame 90, showing the 
aftermost boilers. The forced- draught fans are 
indicated between the boiler and engine-rocms. Fur- 
ther illustrations, oe plan of the general 
arrangement and sections ugh the engine - room, 
to be published later, will help toa clearer understand- 
ing of the installation, and we hope then also to give 
further drawings of the turbines, so that we defer a 





detailed description, 





Lreps AND Liverpoot Canat.—The Leeds and Liver- 
| Canal Company is enabled to report an increase of 
. in the company’s net revenue for the past half- 


year. The traffic receipts of the six months were 72,431/., 
or 52161. more than in the es riod of 1914. 
The ing expenses were 60, ,or .more. The 
revenue of the 7 

911, 


in the second halves of the last 
five i was :— 60,1551.; 1912, 91,094/.; 1913, 
67,2517. ; 1914, 67,215. ; and 1915, 72,4317. 





Crrton Woop-Purp.—Having g regard to the uncer- 
tainty ry my export of -pulp from Scandi- 
navia to Great Britain, experiments are in progress in 
Ceylon with a view to the exploitation of forest reserves 
in order to determine to what extent the various wood 
products, which have hitherto been imported into the 
island, can be secured locally. The experiments also 
include the manufacture of glacial acetic acid and by- 
such as acetone, creosote, &c., secured through 
the distillation of wood-spirit. Wood-nulp experiments 
have been initiated by the Colonial Government, and 
preparations have reached an advanced stage. Experi- 


ments are also being conducted with wwvod - pulp, 
alcohol, &c. 





American Wak Exports.—The exports of explosives 
from the United States in November were valued at 
32,197,274 dols., as compared with 1,427,507 dols. in 
November, 1914, when, from an American a the 
great European conflict was just beginning. he total 
of 32,197,274 dols., representing the exports for November 
last year, was made up as follows :—Cartridges, 1,737,673 
dols, ; Grasset, 233,630 dols. jafanpowast. 16,730,384 
dols.; all other materials, 13,495,587 d Other American 

in November compared as follows with the 

ing month of 1914 :—Horses, 5,299,823 dols., 

against 5,034,353 dols.; automobiles, 6,628,814 dols., 

SE po 
19,051 ; » against Jl, 

dols.; firearms, 1,197,768 dols., against 1,194,510 dols. 


barbed wire, 1.859,864 dols., against 844,136 dols. ; ard 
copper, 13,518,797 dols., against 6,443,298 dols. 
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GERMAN WAR PROFITS. 


Wuitst undoubtedly a large number of German indus- 
trial undertakings have suffered, and are suffering, a 
seriously from the war, not a few are making very hand- 
some war profits. The most eae ie, so far, is 
the Gas Apparatus and Gas Works pany in Mayence, 
a small concern, with a share capital of only 1,080,000 
marks, but which for 1915 has net profits of 3,636,547 
marks, against 985 marks viously. The share- 
holders receive a dividend of 125 per cent., and 1,800,000 
marks are reserved for war profit taxation. Writings-off, 
&c, are ney. ae vided for. It is notable 
that the bulk of profits been invested in the war 
loans—viz., as much as 2,879,661 marks. 

The Rhenish Metal Goods and Machine Company has 
also made vastly increased profits for 1915, thanks to ener- 
getic working on war orders, although of hands, 


difficulties of transport, &c., have impeded the manufac- th 


ture, and although wages have risen materially. us 
the average wage per man and shift for 1914-15 comes out 
at 5.80 marks, against 5.22 marks for the ing year, 
the figures also comprising juvenile and female hands 
(4833). That the degree of wg en is still on the in- 
crease will ap from the fact that, in spite of the 
existing general shortage of hands, the number employed 
has risen from an average of 14,414 hands in 1914-15 to 
about 24,000 at the present time. The net profits 
amounted to 9,876,619 marks, against 3,524,439 marks for 
Se proves year. The preference shares obtain a divi- 
d of 13 per cent., and 11 cent. to the ordinary 
shareholders ; the sum paid in dividends this year falls 
somewhat short of that paid for the preceding year, 
when some old deficits in the way of divid were 
— off. About 2,000,000 marks were applied to the 

emption of profit vouchers and other o| tions. A 
sum of 6,300, marks was reserved for war profit taxa- 
tion. The value of securities held by the company has 
risen from 57,316 marks to 2,605,876 marks, principally on 
account of war loan investments. 

The Rheydt Electrotechnical Company,. thanks to 
military a, has quintupled its turnover in 1915, 
compared with the previous year. In addition the so- 
called still reserves have been swelled by certain assets 
remaining booked at very low figures; the report calls 
this ‘‘ a mobilisation of the still reserves accumulated in 
past years,” and evidently hopes that they can thus be 
protected from war profits taxation, a view which has 
been questioned in the Press. The fits for 1915 
amount to 3,580,592 marks, against .635 marks for 
1914 ; the shareholders obtain a dividend of 20 per cent., 
against 12 per cent. for 1914, a sum of 1,850,000 marks is 
reserved for war profit taxation, war aid, &c., and 875,000 
marks are used in increasing the share capital by the 

ranting of free shares. The company has subscribed 
$500,000 marks to the war loan. 

The Hirsch Cop and Brass Works, which pay a 
dividend of 18 cent. for 1915, inst 8 per cent. for 
the three ing years, has in addition, by writing off 
1,490,539 marks, reduced the booked value of the machi- 
nery account to 2 marks, which is accounted gt | the 
extraordinary wear and tear resul from, and the 
various alterations necessitated by, the special and highly- 
accelerated work for the army. The company, although 
very hard » had able to effect deliveries in 
due time and was also fully prepared to face the calls 
made — them for the new year. 

The Rhenish Tannery Goods Company, of Benrath, 
pays 25 per cent. for last year, against 16 cent. for 
the preceding year, the surplus being 757 marks, 
against 346,789 marks for the previous year. The com- 
pany had succeeded in utilising inland tannery materials 
with good results. A sum of 150,000 marks for a special 
war reserve fund, and another sum of 200,000 marks for 
war profit taxation, had been previously deducted, and do 
not appear in the surplus, the reason stated being the 
necessity of counterbalancing the heavy wear and tear of 
the plant. It looks as if the war-profit taxation authori- 
ties will have a good many items te investigate in the 
yoo ey balance-sheets of German industrial under- 

ings. 





Tuer Wortp’s Goup.—The world’s production of gold 
last year, ing to American statistics, was 470,979,890 
dols., the seuregate being made up as follows :—Africa, 
217,671,392 dols.; North America, 137,491,100 dols.; 
Europe, 29,650,000 dols.; Asia, 28094,385 dols.; South 
America, 13,750,000 dols.; and Australasia, 44,000,000 odd 
dols. The gold output of 470,979,890 dols. attained last 
year a thus with the corresponding production 
from 1906 to 1914 :— 


Year. Value. Year. Value. 
dols. dols. 
1906 .. 406,561,022 1911 .. 459,377,800 
1907 .. 411,294,468 1912. . 474,333,268 
1908 .. 443,434,527 1913 .. 462,069,658 
1909 .. 459,927,482 1914 . 451,582,129 
1910 .. 464,213,649 1915 .. .. 470,979,890 
Tt will be seen that the world’s gold oe is still in- 
creasing, although only a small advance has been made 


during the last five years. expansion which has 
taken place is attributable, of to increased atten- 
tion to the pateneng industry. yield of gold ad- 
vanced last year in Africa, North America, and South 
America ; but it decreased, although net to any material 
extent, in Europe, Asia, and Australasia. The principal 
gold- ucing countries continue to be the Transvaal, 
the United States, Australasia, and Russia. The Trans- 
vaal produced last year about 40 per cent. of the world’s 
output; the United States, 21 per cenv.; Australasia, 
9 per cent.; and Russia, 6 per cent. 





NOTES FROM THE UNITED STATES. 
LADELPHIA, March 1. 
THe past week has been quite active in steel rails and 
steel cars; several roads have placed fairly sized orders, and 
the necessity for rolling-stock is bringing out quite } 
orders for —_ = ee parts of Gone ee The 
organisation 0! © sugar indus’ in opened u 
possibilities for standard a af narrow - cailrond 
which means much for that country. The 
steel situation is extremely acute; the entire pro- 
“om | — for the current year could be sold up at 
once i ers pending and waiting were accepted. What 
the volume of unplaced munition business is there is no 
means of knowing. Railroads are also pushing forward 


a. but itis very difficult to place orders for | last 
8 


plate excepting for late delivery; prices continue to 
move up, not through any efforts of, manufacturers, bus 

h the competition of buyers against each other. 
Premiums are offered all the way from 5 dols. to 25 dols. 
for plates for what is regarded as early delivery. The 
United States are now producing iron and steel equal to 
about three times the combined capacity of Great Britain 
“T a an learl, t that the pivot 

t to be more oc y ap t+ the pivot as 

to the war’s duration will y te pt u a supply of 
steel than of human flesh and blood. S mills are look- 
ing more clearly after domestic demands than they have 
been for some time, as it is recognised that industrial 
activities must be thoroughly protected; the remarkable 
advances in prices of all products stimulates inquiriss 
and anxiety to have material ready when wanted. The 
future of the steel industry in this ay | is uncertain 
as measured by ability to meet oncoming demands ; 
limit of pig-iron uction seems to have been > 
Rumours prevail to-day of new inquiries for munition 
supplies, and their acceptance on satisfactory terms as to 
dates of a om remote. All old low-price steel 
oe —_ ey —_ and the — _— 

ing wor upon wi ring big margins and result 
ina Tr activity in steel stocks. (General construction 
be id be more active if structural material could be had 
cheaper. 





Frenca Coat.—France’s production of coal in 1913 
was 41,000,000 tons; the following year the output 
receded to 3v,000,000 tons, and as the territory occupied 
by the enemy yields about three-fourths of the country’s 
aggregate production of coal, the figure for 1915 can 
hardly be put at more than 10,000,000 tons. 


Tue Suiprinc Wortp Yxrar-Boox.—The thirtieth 
edition of this work, invaluable to all interested in ship- 
ping, has just been issued. The c 
the war necessarily involved a much increased amount 
of work on the editor, Major E. R. Jones, but we have no 
doubt that that high degree of accuracy which has charac- 
terised preceding editions will have been exercised in 
order to make the book as reliable as is possible. Man 
of the details—for instance, the complete shipbuild- 
ing figures for the year and official trade and other 
returns—are lacking, so that the editor has had to 
be satisfied with the publication of the latest figures 
available. The port directories are brought up to 
date, so far as this country is concerned, but those of 
enemy and, in most cases, of Allies, have had to be left 
unrevised. As far as possible, also, the tariffs of all the 
nations have been brought up to date, involving quite an 
extensive revision. @ book is published from the 
Shippi World Offices, Effingham House, Arundel- 
street, don, W.C., at 10s. net for the United King- 
oS and 11s. Pa’ for ig countries. I “yy * n 
rev map o © world, specially prepared by ; 
J. G. Bartholomew, F.R.G.S. 


Tue Late Mr. F. T. Janz.—We t to have to place 
on record the death of Mr. Frederick T. Jane, the well- 
known writer on naval subjects. He died somewhat sud- 
denly at Southsea, on the 8th inst., at the age of forty-six 

ears. He was the eldest son of the Rev. John Jane, 

icar of Upottery, Devon, and early in life began to 
develop an interest in all naval matters, first devising 
a © for the practice of war tactics. In 1898 he pub- 
lished the first issue of his annual on “‘ Fighting Ships,” 
which was on some of the — 

e, the fighting qualities of the ships bei 
fed. The feature of the annual was the silhouettes, 
which enabled anyone toe distinguish, at a distance, 
by the mast, funnels, and other “‘sky-signs,” the class, 
if not the exact ship and nati ty. In 1910 he 
produced the first edition of ‘The World’s Air-Craft,” 
and both publications have continued and acquired a 
large ity. Jane wrote largely also for our 
contemporaries, the Engineer and the Standard, and 
is the author of quite a number of books on naval 
subjects, including ‘‘ The Torpedo in Peace and War,” 
*: The Imperial Russian Navy,” “The Imperial Japanese 
Navy,” and “The British Battle Fleet.” His writings 
generally lacked that intimate technical knowledge 
which can only be acquired by direct association with 
either the construction or management of ships, and con- 
sequently he was not always quite reliable in the deduc- 
tions made. But there can be no doubt of the influence 








he exercised on the rapid wth of ayy opinion and 
general sympathy with naval affairs, which has simplified 
the task of those responsible for the maintenance of the 


Fleet, since it has enabled higher votes to be supported 
by the will of the people. Mr. Jane, with the same end 
in view, unsuccessfully contested Portsmouth in 1906 as 
**Navy interest” candidate, but our Party system, on 
this as on many oceasions, prevented a man with special 
knowledge of special ——— oe Saas 
number of votes when opposed by Party candidates. 


consequent upon | tained. 


f th 
Glass. | 8 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Hull Coal Trafic.—The returns for the month of 
pee poe | show a anced falling-off in the amount of 
coal traffic from the South Yorkshire collieries to Hull. 
The imports from the collieries to the port were 265,063 
tons, or 57,000 tons less than in the same period of the 
es pe — total “ — tons for the months 
anuary ‘ebruary of the present year is approxi- 
mately no less than 160,000 tons below the figures of 
the two months of 1915. A similar condition affairs 
prevailed with regard to the export business. The 
total was 84,516 tons, or a weekly average of 21,000 tons, 
against a weekly average of 34,000 tons for February of 
year. The export for the nt year up to date is 
210,885 tons—a decrease of 145,000 tons on the correspond- 
ing figure for 1915. Altogether, traffic in the present year 
is about 50 per cent. below that of normal times. Three- 
Ss ome of the total export has gone to France ; but the 
ebruary exports both to France and to Sweden were a 
marked reduction on last year. On the other hand, the 
coal sent to Holland was an increase of about 7000 tons. 


_ South Yorkshire Coal Trade.—The position has not 
improved on last week, and the outlook, especially with 

to house coal, is assuming a rather serious t. 
Coal merchants report that what small stocks of house fuel 
were held are now practically depleted, and with irregular 
workings at the pits and delays in conveying the coal on 
the railways, the problem of meeting all demands does 
not lend itself to a simple solution. A concrete instance 
is afforded by the experience of a large Sheffield firm. 
Supplies of best house quality have been ‘‘on the road” 
twenty days, and yet the total distance on the main rail- 
a line is not more than a score of miles. In face of 
such a service, merchants are unable to promise delivery 
for fixed dates. The situation with regard to steam and 
hard grades shows little change. Home works are evi- 
dently just able to secure sufficient to keep running, but 
some have had to resort to the practice of depleting their 
small reserve stock at one establishment to enable another 

to * on.” The tonnage for shipment aver- 
ages about the same for Allied countries; whilst, on the 
neutral account, Swedish inquiries are persistent. For 
delivery at Gothenburg, Swedish steel-makers are pre- 
at 31. to 31. 2s. per ton. The Board of Trade 
icensing scheme, however, comes into operation in this 
connection and the supplies to Scandinavian countries 
are ve = | only of a limited character. The 
freigh Hull to ———— is round about 32s., 
leaving the ample ae of 30s. for the seller. Gas fuels 
are a ready market for inland works. The slack and 
coke markets are very firm, with ~ figures easily main- 
ined. Quotations:—Best branch hand-picked, 20s. 6d. 
to 21s. 6d.; Barnsley best Silkstone, 17s. 6d. to 18s. 6d.; 
Derbyshire best brights, 17s. 6d. to 18s. 6d. ; Derbyshire 
house, 16s. to 17s.; best large nuts, 15s. 6d. to 16s. 6d.; 
small nuts, 15s. to 16s.; Yorkshire hards, 16s. 6d. to 
17s. 6d.; Derbyshire hards, 16s. to 17s.; best slacks, 12s. 
to 13s.; seconds, 10s. 6d. to 11s. 6d.; smalls, 8s. to 9s. 


Iron and Steel.—The market remains unchanged. The 
demand is still abnormally heavy, and consequently 
makers are able to obtain the Government maxima of 

ices for all les. Considerable business has been 

one in Derbyshire foundry and forge irons, but in the 
case of Lincolnshire brands makers are not seeking 
orders, as the commodity is sold as soon as it is manv- 
factured. Hematites maintain the easier tone of last 
week, with East Coast 140s. on truck and West Coast 
quite 10s. below this figure. The question of the suppl 
of billets, blooms, and slabs is still giving rise to muc 
anxiety. Last month only 13,203 tons of billets were 
imported, or about 33.3 per cent. less than the figures 
for the corresponding period of 1914. Added to this 
is the increased exportation of billets, &., from 
here to France and others of our Allies. The Swedish- 
steel - makers are disinclined to sell any quan- 
tities because of the drastic operation of the coal- 
export licences against their —— They are, never- 
theless, eager to in, and would undoubtedly in- 
crease the supply of billets if they could obtain Yorkshire 
coal in return. Ab the present there is no likelihood of 
such an mt being arrived at, and the conse- 
quent falling-off in the supply of Swedish billets has 
iven prices a sharp up tendency. Swedish quality 
1s now about 32/. per ton with delivery in Sheffield. Itis 
reported that 10,000 additional workmen are to be em- 
ployed on the new extensions of the large munition 
works. Serbian artisans are the latest arrivals, and the 
cosmopolitan nature of the Sheffield workers can be 
leaned from the statement that Belgians, Dutchmen, 
i Americans, and Serbians are now in 
the ranks. Some idea can be gathered of the probable effect 
of the new drink regulations put into force in Sheffield. 
It is asserted by certain manufacturers that the loss of 
time is redu enormously, and the output has been 
much improved in consequence. Two more firms have 
en up the manufacture of “‘ ~~ 8 — is 
enjoying &n increasing popularity. ew War ce 
orders are for 200,000 saws, hack-saws, &c., and 120,000 
knives, including various types of carvers, cooks’, table, 
bread, and butchers’ flaying-knives. There is a brisk 
tone in the overseas business, with large demands for 
steel, tools, cutlery, and electro-plate. 





CHARCOAL IN SweDEN.—The transport of charcoal in 
Sweden presents quite a small problem to the State 
Railways during the period from January to April, when 
it on. This faa not less than about 25,000 wagon 

have to be + with, an increase of about 40 per 
cent. compared with last year, 
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NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Iron Market.—As on the two previous 
days, dead idleness prevailed in the -iron warrant 
market last Thursday morning, cash prices re- 
maining nominal at 86s. 9d. per ton. In the afternoon, 
however, 2000 tons changed hands at 82s. 6d. cash, while 
a private deal of 500 tons was reported on forward 
account, for which 86s. 3d. was realised. At the close 
cash sellers’ <n was still quoted at the forenoon’s 
level. On Friday forenoon one Cleveland warrant was 
dealt in at 86s. 6d. cash, sellers quoting at the close 
86s. 5d. per ton cash, with the settlement price 86s. A 
nominal advance to 86s. 9d. cash sellers marked the only 
change at the afternoon’s session. Monday’s market 
still continued unsatisfactory, no business being done at 
either session. In the mo cash sellers were quoted 
87s. 6d., while no change took place in the afternoon. 
The only transaction recorded yesterday morning was 
one of 1000 tons, which realised 87s. —~ § while in the 
afternoon no business whatever was done. Complete 
idleness ruled again this morning, when cash sellers 
quoted 88s. 9d. per ton for Cleveland warrants. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia as a fertiliser keeps steady, and although con- 
sumers are rather inclined to grumble at the increased 
cost, they are fully alive to its value, realising that at the 

resent time its use is of supreme national importance. 
For prompt delivery at Glasgow the current rate is 
about 17/. 10s. per ton. 


Scotch Steel Trade.—Little change has taken place in 
the local steel trade during the past week ; it is still a 
tale of ceaseless activity, strong prices, much pressure 
and uncertain delivery. Sectional material, particularly 
on Government account, is greatly in demand, while 
France is a constant and steady customer, large orders 
being booked almost daily. Indeed, the export trade 
generally, os Colonial inquiries, is keeping all 
the works going, the main difficulty being, not scarcity 
of orders, but the dearth of workmen and the high cost 
of freight. Meantime, however some considerable un- 
een age A prevails in connection — we x rates 
whic vernment proposes to fix. © arrange- 
ments were definitely settled, makers would feel in a 
more assured position, for there might then be some chance 
of a better supply of raw material being available, which 
would doubtless add to the already enormous output. 
If the war is to be brought to a satisfactory termination in 
anything like a reasonable time, every possible effort 
must be made to keep up and increase the manufacture 
and output of munitions and other war material. Mer- 
cantile business is therefore at a complete standstill, the 
difficulties of negotiating orders of this nature being con- 
stantly on the increase, as every order booked must first 
be submitted to the Ministry of Munitions. On account 
of this orders are being refused every day, as makers are 
totally unable to undertake other than the Government 
and Admiralty contracts. Prices continue strong, boiler- 
plates being quoted at 14/. 10s. per ton; ship-plates, 
131. to 13/. 10s.; and angles, 13/. 10s. to 13/. 15s.—all 
lsss the usual 24 per cent. 


Malleable-Iron Trade.—In the malleable-iron trade the 
continued pressure for delivery is the most outstanding 
feature, and the greatest activity prevails. While 
Government contracts take first place, 
makers are at liberty to accept more mercantile ness 
than the steel-makers can, as there is not the same 
demand for iron as for steel in the manufacture of muni- 
tions. So far, the malleable-iron trade has not come 
under any Government restrictions, which gives the 
makers a freer hand than they otherwise would have. 
*‘Crown” bars may be 13/, 10s. per ton, or more, less 5 per 
cent. discount for prompt delivery, while for net export 
they may bé had for 13/. 7s. 6d. 


_Scotch Pig-Iron Trade.—The order restricting specula- 
tive —- in Scotch oon is already constituting a 
considerable scarcity both in makers’ No. 1 iron and in 
hematite. Hematite, however, is in exceptional demand, 
and although Government has fixed the maximum price 
for home consumption at 6l. 2s. 6d. per ton, the current 
rate still remains at 7/. 2s. 6d. to 7. 5s., or thereabouts, 
sellers offering supplies at these figures. For ordinar 
qualities prices keep firm, and foundry iron is in mn 
better demand than it was, while rumour has it that, as 
in the case of hematite, its export will shortly be con- 
siderably restricted. All over, makers are in quite a 
strong tion. The current quotations for makers’ 
(No. 1) iron are as follow :—Langloan, 122s, 6d. per ton; 
Summerlee, 125s.; Clyde, Calder, and Gartsherrie, 127s. 6d. 


— and Glengarnock, 
120s. (both at Ardrossan); D i 112s. 6d. (at 
Ayr), and Shotts, 127s. 6d. (at Leith). : 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Cleveland pig-iron is be- 
coming more and more scarce, and there is a prevailin 

opinion that export to neutral countries will be prohibi 
in the near future. Demand from abroad is heavy, and so 
keen are Scandinavian customers to obtain supplies that 
many of them have instructed merchants here to make con- 
tracts on the best terms possible. Merchants now quote 
No. 3 Cleveland ig. ee at 89s. 6d. f.0.b. for export, and 
ask about 4s. to 5s. above that figure for No. 1, whilst they 
put No. 4 foundry at 88s. 6d. ers are in no hurry 
to sell, and as a rule ask a little above the foregoing 
quotations. There is practically no Cleveland pig-iron 
available for sale to home consumers for early Geers, 


malleable-iron be 





and fears are entertained that the shortage may soon 
be seriously felt. Quotations for home use 
nominally at the fixed maximum of 82s. 6d. for No. 3, 
No. 4 foundry, and No. 4 forge. 

Hematite Iron.—Very little new is ascertainable con- 
cerning the hematite branch of the staple industry. 
There is no iron on offer for gapply until after June, and 
many makers have committed themselves as heavily as 
they care to for the t. For home consumption t) 
maximum of 122s. 6d. for Nos. 1, 2, and 3, fixed some 
—_s time ago, still rules, and the export price remains 
ad 


—_ ny and Stocks of Pig-Iron.—Shipments of pig- 
iron from the port of Middlesbrough are quite up to 
expectation. far this month they eo 1891 tons 
per working day, the total d tches ing 24,587 
tons, as compared with total loadings of 23,150 tons, or 
a daily average of 1781 tons to the same date last month, 
and ain a ie ant or an average of ; 
tons per wor y for the corres; ing part o 
March last year. To meet current aye BO of pig- 
iron are being ily drawn upon. Makers now have 
little or no iron lying at their yards, and practically the 
only stock is the pig in the public warrant stores, which 


is this month being reduced at the rate of 1000 tons per | of 


working day. The quantity of Cleveland pig-iron held 
in the warrant stores stands at 70,371 tons, of which 
67,843 tons are No. 3 quality, and 2528 tons other kinds 
of iron deliverable as standard. So far this month 12,563 
tons of No. 3 and 257 tons of standard iron, making a 
total of 12,820 tons, have been withdrawn from the stores. 


Coke.—Demand for coke for local use keeps on a good 
scale, and further business is reported at the fixed maxi- 
mums for home consumption of 28s. at the ovens for 
average blast-furnace kinds, and up to 30s. 6d. at the 
ovens for qualities low in phosphorus. 


Foreign Ore.—Notwithstanding the continued absence 
of business, foreign ore quotations are fully maintained. 
Consumers are very well placed, having fairly large 
stocks and very considerable supplies ily coming in 
on contracts. Market rates are based on quite 42s. 6d. 
ex-ship Tees for Rubio of 50 per cent. quality. Freights 
Bilbao-Middlesbrough are stiff, at 26s. 6d. Imports of 
foreign ore to the Tees to date this month amount to 
47,801 tons. 


of Limestone.—Owing to the anxious desire of 
the limestone-quarry owners to increase the output, a 
conference was held this week of the employers and 
representatives of the Cleveland Miners and Quarrymen’s 
Association, at which it was explained that owing to the 
weather and the shortage of labour it had been found 
necessary to make depletions in the general emergency 
stock which was kept at the mines for such pu as 
had now arisen, in order that the depletions be made 
TP the employers suggested that the men work overtime. 
Itimately the suggestion was to, time men to 
receive overtime pay at the rate of time and a half, and 
arate to receive 6d. extra per hour for overtime. 
© suggestion of Sunday work was made. 


Manufactured Iron and Steel.—In the finished iron 
and steel industries numerous private inquiries are re- 
ported, but they result in little or no busi manufac- 
turers being still too busily engaged on Government 
work to pay much attention to ordinary commercial 
siness. Prices all round are strong. The following are 

ong the principal market quotations :—Common iron 
bars, 137. 10s. ; best bars, 137. 17s. 6d. ; best best bars, 
141. 5s.; packing iron (parallel), 10/.; packing iron 
(tapered), 112. 15s.; iron ship-plates, 11/. 10s. ; iron ship- 
angles, 13. 10s.; iron ship-rivets, 16/.; steel on fo 
11/. 10s.; steel a 11. 2s. 6d.; 8 strip, 
131, 10s. ; steel hoops, 14/. ; steel joists, 112. 2s. 6d. ; and 
ee | steel rails, 10/. 17s. 6d.—rails net f.o.b., steel ship- 
building material net at works, and all other descriptions 
less 24 per cent. discount. 





NOTES FROM THE SOUTH-WEST. 
Cardiff.—The situation in steam coal is still difficult. 
Collieries producing superior qualities reserved by the 
authorities are still able to work regularly, but other 
a an o- difficulty in clearing 
wagons quickly to avoid pit stoppages. Recent 
discussions have dealt with the probable course of coal- 
trimmers and other labour organisations with t to 
Government proposals for continuing the losding of 
vessels on Saturday afternoons in order to reduce or 
obviate week-end delays. Shipowners are endeavouring 
to fix freights for French ports as a preliminary to a 
general control of freights. The best Admiralty large 
steam coal has been, to some extent, nominal; the best 
qualities have made 30s. to 31s. ; best bunker 


: househ : 
holds, 21s. to 22s. ; No. 3 ek bom. 
smalls, 2is. 6d. to 22s. 6d.; No. 2 
27s.; and No. 2 smalls, 15s. 6d. to 166. 
latest a for patent fuel 
ton. Special f coke has 
foundry coke, 47s. 6d. to 50s. ; 
to 40s. per ton. As regards i 
made 39s. to 40s. per ton upon a basis of 
iron, and charges, including freight, insurance, &c., 
Cardiff or Newport. 

Western Trade Matters.—The Bury Port and Gwen- 
draeth Valley Railway Company has declared a dividend 
of 10 per cont. upon its ordinary shares for 1915. Sir T. 
Pilkington, who presided at the annual meeting, stated 


ts 


gg. 
a 
ss 


that two of the directors were at present on active service | Kingd 


he | Gibraltar and 





in France. Sir T. Pilkington also stated that the work- 
ing expenses had been reduced during tho poe pose to 
the extent of some 2000/., notwithstanding the di ties 
incident to a great war; as a result of this, a larger allo- 
cation had been made to the reserve.—There bas been a 
further advance in freight rates at Cardiff, and the cost 
of South Wales coal delivered in Italy is about 61. pet ton; 
at Marseilles, it costs something over 5/. per ton; and at 
! orto, 4/. per ton.— At the annual meeting 
Be des ve Spee ede 
8 t the company’s pro; &@ miner 
oun af shout 1400 acres, containing not less than ten 
workable seams of coal. The chairman added that large 
sums had been em from time to time in equipping 
the collieries wi ae appliances for screening 
and washing coal, and the plant was reported to be in 
good condition. A dividend of 10 per cent. was announced 
for 1915, and it was intimated that the excess profits 
tax would be about 9000/. for the past twelve months. 
A con i interest in the tic Company having 
been acqui ‘by new investors, the present directors 
have retired from office.—Mr. KE. L. Evan-Thomas 
sided at the annual meeting of North’s Navigation Ool- 
lieries, 1889, Limited, and stated that the net ts of 
the undertaking for 1915 had been 130,071/., admitting 
an ordi dividend and bonus of 124 per cent. for 
the year, 35, being added to the reserve (to provide 
for the —- 15,0002. bei written off for 
depreciati 10,5671. being carried forward. The 
chairman added that he considered this a satisfactory 
result, having to the up lency of 
—- = the rise in the price of all materials 
in winning coal.—In connection with the recent 
transfer of shares in the Barry Graving Dock and Engi- 
neering Company, Limited, to the Cardiff Channel Dry 
Docks and Pontoon Company, Limited, two directors of 
the Barry Company have retired, their being taken 
by Mr. J. Cory and Mr. Radcliffe; it is considered that 
two o ‘ in the directorate will follow shortly. 
—Mr. Lewis E. Turnbull occupied the chair at the annual 
meeting of the P th Pontoon, Slipway, and Ship- 
Repairing Company, Limited, and stated that the year’s 
profits amoun to 14,501/.; a dividend of 6 per cent. 
was d ’ . was added to the reserve, and 4351/. 
was carried forward ; 2450/. was expended out of revenue 
last year in overhauling the pontoon, slipway. jetties, 
piers.—The general m of Swansea Harbour 
reports a decline in the le movement of 213,180 
tons for 1515, the im accounting for 196,841 
tons, and the exports for 18,339 tons. The ex 
of coal and patent fuel to France increased about 
1,000,000 tous; but, taking the aggregate shipment of 
these articles into account, the increase was only 15,000 
tons. The shipments of tin, terne, and black plates fell 
39,000 tons, and vani wire shipments also fell 
36,000 tons ; steel, however, increased 24,000 tons. —Owing 
to facilities afforded in the King’s Dock for bunkering 
large vessels, there has been a gratifying increase in the 
number of steamers calling for that a> total 
trade movement of Swansea for 1915 amounted to 
5,876,477 tons, against 6,091,657 tons in 1914. The total 
imports for last year were nearly 870,000 tons, and the 
the Piszkybor ‘Nevigntion Colliery Gompeny, Limited, 
t y avigation Colliery pany, Limited, 
soeement a dividend of 124 per cent. for the ordi- 
nary for the past year, 21,405/. being carried 
forward. The balance available for dividend for 1915, 
including 22,855/. brought forward, was 81,692/.—Mr. 
Hedley Clark has been appointed general munager 
of the collieries composing Oonsolidated Cambrian, 
Limited ; Mr. Clark has for some time been associated 
with the undertaking, and in future he will have 
the control also at Gilfach Goch.—The Bristol City 
Council will have to advance 83,000/. to finance Bristol 
docks for 1915-16 ; this is not satisfactory, but the amount 
is 14,0007. less than sho cresennensaes advance of 1914-15. 
—The t realised by the United National Collieries, 
Limited, in 1915, was 29,5200. after providing for excess 
fit duty, and a dividend of 25 per cent. is to be paid 
or the twelve months. The profits of the last five years 
have been :—1911, 93,183/.; 1912, 86,030/.; 1913, 119, 1520. ; 
1914, 169,048/,; 1915, 299,5202, Last year’s profits were 
considerably increased by the acquisition the Bute 
Merthyr collieries. 





ExuIsiTion oF German OaTaLocugs In Lonpon.—In 
order that British manufacturers may have an oppor- 
tunity of familiarising themselves with German methods 
spcieen echisguas af Geren origin, ent these suny be 

ues 0! origin, ese may 
inspected at the Foreign Samples Section of the Com- 
mercial Intelligence Branch, 32, Cheapside, London, E.C. 
The collection, which is illustrative of a yo variety of 
industries, includes 887 catalogues of machinery. t) 
additions have brought the number of catalogues of — 
up to 271, including the productions of most of the well- 
known Nuremberg toy manufacturers, and in view of 
the made by British toy manufacturers, these 
jogues should prove of particular interest to firms 
engaged in the industry. are also 177 catalogues 
of fancy goods and 71 of glassware. One feature of the 
catalogues which is of special interest to British manu- 
facturers who are themselves publishing catalogues with 
: view to increasing ty vy trade, is a of 
oreign eqquege in whi oa are 
puns. : oe, pore of Tete cece inn es cata- 
ogues prin in English, Frenc panish, Portu 
Roumanian, Russian, Finnish, Polish, Italian, Butoh’ 
Hungarian, and Greek. Many are polyglot in character, 
and are printed in three, four, in some cases five 
ts have been made 


different ages. Arrangemen 
whereby b. .. be lent for a few days to United 
ingdom firms established in the provinces. 
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THE LOAD-LINE COMMITTEE REPORT, 


THE assignment of freeboard to merchant ships 
is probably the most complicated shipping problem 
which has been subjected to lginlatve enactment, 
and there is certainly none which is more intimately 
related to the commercial aspect of the design and 
trading of ships. The Report of the Load-Line 
Committee just published is therefore a document 
of the highest coduniaal and practical im — 
because the visible results of their la as 


. formulated in their revised freeboard regulations, 


will undoubtedly express the British views at an 


259 | international conference, when one becomes _ 


240 | Sible. It is thus nec to consider the 
200 | mittee’s report with the knowl that these rules, 
or something like them, may ultimately govern the 
loading of the whole world’s shipping. 

The membership of the Committee was such as 
to ensure the fullest — in their ened 
mendations, not only on of shipo 


world. The chairman was Sir Philip Watts, K.O.B., 
F.R.S., who has shown by his work a wide grasp 
of all problems affecting the loading of ships. The 


e69 | Other members included Sir Archibald Denny, 


Bart., LL.D., who was also chairman of the 
Bulkhead Committee, and has devoted a very 

of an active professional life to the| to 
solving of practical problems of design in connec- 


” (Lecture IL). | their 


y throughout | the shi 





tion with merchant ships. This can also be = 


of the representatives of the t 
societies—Mr. W.S. Abell and fir. G. 
of Lloyd’s Register, Mr. J. Foster King. of Mt the 
British Corporation, and Mr. John Gravell, of the 


Bureau Veritas. Mr. Foster King was also a 
colleague of Sir Archibald on the other Committee, 
and, with the other representatives of the registra- 
tion societies, has done on sub-committees a remark- 
able amount of research and experimental work in 
ae with the load-line. The Board of Trade 
was re ted by Mr. W. David Archer, who is 
the Naval Architect of the Department. Sir 
William E. Smith, 0.B., brought to the assistance 
of the Committee an intimate knowledge of tech- 
nical problems. Another member who greatly 
assisted the deliberations, because of his maritime 
experience, was ny A. H. F. Young. The 
Secretary was Mr J. O. Sanders, of the Board 
of Trade, and the acknowl ent of the value of 
the assistance rendered by him to the Committee 
was thoroughly well-merited. 
The terms of reference to the Committee are 
simple in their wording, but sweep into the net of 


22,/ examination a tremendous quantity of material, 


and it is evident from the report that the Com- 
mittee have taken a most comprehensive view of 
their duties. The President not only asked the 

Committee to advise the Board of Trade as to the 
attitude which should be adopted by the British 
representatives at the forthcoming International 
Conference on the Load-Line, and for that pu 

to inquire and a whether, and, if so, in what 
parce the tables of freeboard revised by the 
Board of Trade in 1906 need further revision in 
the light of the experience gained since that date 
of their practical working and effect, but invited 
advice upon the subject of a special load-line for 
timber-laden vessels and the regulations for the 
carriage of deck cargoes of timber which they con- 
sider might properly be adopted internationally. 

The Committee have gone about their work in a 
thoroughly practical fashion, and have taken — 
little for granted. Although they possessed, throug 
own mem the comprehensive know- 
ledge of freeboard work which belo to the 
Board of Trade and the three classification socie- 
ties who have been admini the British Load- 
Line Acts since they came into operation in 1890, 
they have examined three score witnesses who were 
- een of shipowners, master mariners, 

rs and seamen, and they have analysed all the 
infessastion which shipbuilders and shipowners 
have placed freely at their di » as well as 
masses of statistics. They have also visited more 
than a hundred vessels, in order to see for them- 
selves the character of the protection which is 
afforded to ship and crew by different kinds of 
=|superstructure, the nature and condition of the 
ec for securing the hull against the possible 

of water from the weather-deck through 
acheem, ventilators, casings, &c., and the actual 
conditions which attend the loading of ships with 
timber and other cargoes. 

One of many indications of thoroughness is shown 
in the of the report by a most interesting 
résumé of the ry of freeboard regulations from 
the time when public agitation —— the legisla- 
a Sere of the arene —_— giaal 

ro y news to man e that the o 
"Plimsoll —a name hick makes den an impres- 
sion % the — % memory that load-line 
marks are still known thereby—had no 
technical meaning or value. The owner was free 
to place the mark at whatever height he pleased, 
but the law would not allow it to be subm 
This may sound absurd to-day, but in 1875, and 
for many years after, it was a real saf - The 
necessity was placed upon the owner of adv 
on the ship’s side the maximum draught to whic 
he was pre to load his ship, Sertey of dete 
of sailing ships and of general similarity of d 
the practical mariner got a very good idea whe 
he would like to sail in her or not. It is dbvices 
that voluntaryism as to position of the load-line mark 
ers| could not long exist beside legal authority to stop 

ps from overloading, because the resulting con- 
teste, which still remain in the minds of many of 
us, were bound to induce some sort of —, 
definition of what constituted over] ere 
can be no doubt that such a definition was a vital 
necessity in the case of ships, and there 
must always have been plenty of data upon which 

to construct a standard for a safe and reasonable 


height of side for existing ships. Yet there was no 
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legal enactment on the point till 1890, when the 
glory of the sailing ship had already departed. 

It may not be desirable at this time of day to 
discuss whether compulsory freeboard minima for 
sailing ships should have been coupled with similar 
laws for steamships, because during a whole gene- 
ration the British mercantile marine has been de- 
signed, built, and handled on the basis of statutory 
draughts. Difficulty in advising as to whether the 
tables of freeboard, as revised by the Board of 
Trade in 1906, need further revision must, however, 
have been greatly complicated by the practical 
impossibility of arriving at ee factors which 
definitely govern the freeboard of modern steel 
steamships from the point of view of safety in 
relation to height of platform. 

The request for advice was apparently prompted 
by what the report calls a widespread distrust by 
seafarers of the alteration which was made in 
1906, by something in the nature of an agitation 
which had grown out of that distrust, and by 
certain decisions which had been given by courts 
of inquiry into the losses of ships. Broadly 
speaking, the 1906 alteration consisted in the 
granting of smaller freeboards to ships which have 
complete and long superstructures of the modern 
type, and the course adopted by the British Load- 
Line Authorities seems to have been based upon 
such sound considerations that the 1906 tables 
have been adopted by practically all the maritime 
countries in Europe. 

In view of that agitation, restricted as it was, 
and the distinct allegations made in some instances 
that British ships were being overladen, with result- 
ing loss of life and property, the Committee have 
made an exhaustive examination of the available 
facts as furnished by evidence and by a huge mass 
of data with r to the losses of lives and 
vessels, compiled from the official records for the 
seven years before and after 1906. These statistics 
appear to have been examined from every possible 
—_ of view, and there seems to be no escape 
rom the Committee's conclusion that the revision 
of the Tables of Freeboard of 1906 cannot be 
regarded as having caused an increase in the loss 
of life or property at sea. In fact, if freeboard 
was really the dominant factor in these disasters, 
the figures would prove the precise opposite. The 
Report suggests that the statistics provide ground 
for the belief that freeboard occupies a minor place 
in the factors which affect safety at sea, in 
comparison with the character of the protection 
afforded by superstructures, casings, hatchways, 
ventilators, &c., and the dangers of improper 
loading. 

The Committee deals specifically with the cases 
of the North Briton and Walter Gervase, in con- 
nection with which the courts of inquiry have 
expressed the opinion that the freeboards of these 
vessels were insufficient. With what seems to be 
characteristic, if rather unusual, downrightness, the 
Committee state that freeboard had nothing to do 
with the loss of either of these ships. The examina- 
tion of shipowners and of ‘‘*men who go down to the 
sea in ships” also seems to have supported the 
Committee in their conclusion that the 1906 free- 
boards are satisfactory in the main, as applied to the 
vast bulk of sea-going ships, and quite sufficient to 
ensure the safety of vesse conclusion which is 
in accord with the purely technical aspect of free- 
board in relation to the actual safety at sea of steel 
steamships having properly protected openings. 
The Committee, however. are of opinion that 
modifications in freeboard details might be made 
in order apparently to avoid anomalies which are 
politely described as preferential treatment. 

This brings us to the revised edition of the Free- 
board Rules which the Committee have drawn up. 
We do not propose to examine them in detail, but 
we must refer to the admirable simplicity and 
directness with which they have been ~ 4c 
The present rules have been built upon the foun- 
dation designed in 1885 and laic in 1890, while the 
superstructure has been altered, extended, and 
amended to meet the exigencies which have arisen 
during a whole generation of practical use. It 
is not wonderful, therefore, if they are complicated 
in form and produce little anomalies in practice ; 
but it has to be admitted that the present load- 
line regulations show this difference from most 
other similar enactments, that comparatively 
frequent alterations have been made from time to 
time, and, on the evidence of the present report, 
these alterations have been fairly successful in 
keeping the rules in line with modern progress. 





Nevertheless, the Committee are right in believing, 
and are to be admired for recommending, that a 
clean sweep should be made of the old externals, 
and in submitting for international consideration a 
code of rules which are so direct and simple that 
any one can understand and apply them. 

e Committee take the B of Trade entirely 
into their confidence and express the alterations 
they propose in a series of diagrams which show 
their effect upon the freeboards of practically every 

ible kind of ship. At the same time they 
illustrate with striking candour the relative inco- 
herence of the existing rules. Generally speak- 
ing, the most important difference between the 
present rules and the new proposals is the value 
which the latter attach to sheer in every class of 
ship. Under the new rules it is proposed that the 
standard of sheer for flush-deck ships shall be much 
increased, and that existing freeboard minima 
will only be granted in cases where the sheer of 
the weather-deck corresponds to a standard which 
with the best practice of the present day. 
The point of this change lies in the fact that under 
the mt system a certain freeboard is granted 
to ships having complete superstructures, which is 
supposed to be so much greater than would be 
given to a flush-deck steamer of the same depth to 
the weather-deck, that the presence or absence of 
sheer becomes a matter of no importance. The 
diagrams Alto A3 in the report, however, which 
illustrate the position of the flush-deck freeboards 
of both types, expressed in terms of length of ship, 
demonstrate that in many cases there is at present 
no such excessive margin of freeboard. Indeed, if 
it be the case that the dotted curves C give the 
freeboards appropriate to flush-deck steamers with 
sheer, in comparison with the dotted curves B for 
complete superstructure ships having no sheer, 
then there would in many cases be practically no 
margin between the two types if neither have 
sheer. 

The opinion is expressed by the Committee that 
the existing rules for small flush-deck vessels are 
not altogether suitable, and from their proposals 
they evidently think that all flush-deck vessels, 
whether they be of the type usually known by that 
description, or whether they be of the complete 
superstructure or awning-deck type, require all the 
protection against oe y head seas that 
sheer can give them. ere are, of course, very 
few pure flush-deckers, except fishing vessels, and 
they have always a very large sheer forward, due 
to trim and actual sheer, which proves that the 
Committee’s views in this respect are supported by 
practical experience. As a matter of fact, the 
present free rules have favoured the tendency 
of practice to increase sheer in most other 
classes of sea-going steamers, and we believe that 
the line taken by the Committee will be in 
accordance with practical opinion, apart altogether 
from its evident technical re Although the 

malty for its absence will be heavy, it would be 

ifticult to contend that it is out of proportion to 
the protective value of sheer in a seaway, or in the 
event of accident to an end compartment. 

A marked change is hewmen ws the Committee 
in the method of assessing the freeboard value 
of detached superstructures, which has the merit 
of being clear, logical, and consistent—no one of 
which adjectives justly apply to the existing 
system—as expressed in the ions and the 
sixteen diagrams prepared by the Load-Line Com- 
mittee. It is evident that the protective value of, 
say, a 40 per cent. forecastle is entirely unaffected 
by the length of the poop, or any other detached 
superstructure, yet the principal novelty of the 
new proposal lies in the introduction of a type 
factor which removes the present anomaly that 
any particular superstructure—say a forecastle— 
obtains a freeboard value which does not depend 
upon itself, but upon the total length of the 
superstructures of which it forms one. Com- 
plete superstructures, the detached superstruc- 
tures of well-deck vessels and of three-island 
vessels, are taken at full value; but the factorial 
value of other or combinations of super- 
structures is diminished in terms of their protec- 
tive value, until it falls to 50 per cent. in the case 
of a short poop by itself. The percentage of the 
length of the superstructure, which is to be taken 
for allowance pu is obtained by multiplying 
the actual — which it covers by the a _ 
priate factor ; ut this again is subject to mod ca- 
tion in terms of the means of closing the ends of 
the superstructure. These are of two classes : 





Class I. is either an intact bulkhead, or one in 
which the openings are closed by steel covers prac- 
tically water-tight and permanently attached to the 
bulkhead ; Class II. is a bulkhead in which the 
openings are closed by hin hard-wood doors or 
weather-boards fitted in riveted channels for the 
full height of the bulkhead ; all other means of 
closing are regarded as non-existent. This would 
represent a drastic change from present practice, 
but its adoption should provide a most wholesome 
improvement in the effectiveness of the protection 
afforded by superstructures, as it would only grant 
full value to superstructures which fully protect 
that which is enclosed by them. Briefly put, the 
proposed rules appear to leave freeboards very 
much as they are in the great bulk of ships 
(where superstructures are satisfactorily enclosed 
and a sheer is provided) ; there will be con- 
sistency as between ship and ship and between 
superstructure and superstructure : but inferior 
arrangements will be more severely penalised than 
at present. 

e original load-line tables of the 1885 Load- 
Line Committee were constructed upon the idea 
that a certain apa of reserve buoyancy 
should be available in every ship in order to pro- 
vide what seamen call “lifting power.” Open 
superstructures seem to have been regarded as pro- 
viding reserve buoyancy or effective displacement 
when pitching or rolling, and perhaps they did, 
so long as the water did not come inside them. 
Reserve buoyancy fails to establish itself as a sound 
‘* safe-freeboard ” principle when its use provides 
different percentages of reserve buoyancy for 
different sea - going steamers, for the obvious 
reason that 1 per cent. of reserve buoyancy pro- 
vides unsinkability for any intact gee the 
same percentages will produce the same margins 
of lifting power in all ships of similar form. How- 
ever, ‘‘reserve buoyancy” were potent words in 
those days, and they prevailed; but in the years 


which have they have diminished in value 
and in frequency of appearance en freeboard 
regulations, until in this present year of grace they 


seem to have fallen so low in the esteem of free- 
board authorities that they are not even men- 
tioned now by the Watts Committee. 

Height of | pone is a necessary consideration 
in steamers of ordinary design, and the Committee 
have provided for this ; but it is more than prob- 
able that in the modern steamship the chief factor 
in providing safety for life and property at sea is 
not freeboard or height of platform as much as the 
provision of invulnerable protection to the openings 
in the weather-decks against the attacks of the sea. 
It is to be feared that absolute invulnerability to 
the forces of Nature can never be achieved ; but 
no effort should be = that will help to approxi- 
mate to that end. tthe Committee are strongly 
of that opinion is shown throughout their Report 
and by the recommendations contained in Sec- 
tion IV. of their proposed regulations, where they 
lay down, as conditions of assignment of freeboard, 
certain standards of efficiency for the means of 
closing and protecting openings in weather-decks 
and in the vessel’s sides. This section is a thoroughly 
practical attempt to meet the needs of the case: 
the construction and arrangement of machinery 
casings, cargo and other hatchways, companion- 
ways, ventilators, deck openings within superstruc- 
tures which are not fully enclosed, side-scuttles, 
scuppers, valves, freeing-ports, rails and gangways 
have all been the subject of minute consideration 
and just appreciation of the vital elements they 
form in the problem of safety at sea. 

The proposal of the Committee that the require- 
ments expressed in this section should receive im- 
mediate acceptance by the Board of Trade is one 
which must Be welcome to all who know anything 
of sea-going conditions. The value of the collabo- 
ration of the classification societies with the Board 
of Trade in the assignment of load-lines has nowhere 
been more clearly evinced than in the immediate 
action which has been taken by the British Cor- 

tion, Lloyd’s Register and the Bureau Veritas 
in giving effect to these requirements in their 
rules, but their application should be universal and 
compulsory. It is evident that precautions of 
this kind might soon cease to be of practical value 
unless the good condition of the protection to 
openings is maintained by means of constant super- 
vision, and it is to be hoped that speedy effect will 
be given to the further recommendation of the 
Load-Line Committee that freeboard certificates 
should be endorsed annually with the evidence of 
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a surveyor that the efficiency of this protection is 
fully maintained. 

In view of the fact that the assessment of free- 
board for many classes of ship is governed rather 
by considerations of strength than height of plat- 
form, it is obvious that some standard of strength 
of structure is required. This difficult and thorny 
problem appears to have been solved in the past 
by the collaboration of the classification societies 
with the Board of Trade, but for international 
purposes such a solution is scarcely feasible, 
and the Load-Line Committee therefore submit 
for discussion certain standards of least longitu- 
dinal and transverse strength which are certainly 
simple in form. They state that the basis upon 
which they have erected these standards has been 
derived from an average of the minimum require- 
ments of the British a, Bureau Veritas, 
Germanischer Lloyd and Lloyd’s Register. There 
can be no dispute that the area of practice covered 
by such a basis is fairly comprehensive, representing 
as it does a very ae proportion of the merchant 
shipping of the world. It has to be remembered, 
however, that classification rules only deal with 
average ships, and that no practice of this kind is 
immutable ; in fact, very great changes in the 
standards of some of these societies have been made 
within quite recent years. The Committee have 
been careful to limit their proposed standards to 
ordinary sea-going cargo-steamers; but these limits 
comprise the great bulk of existing tonnage, and it 
is to be ho that nothing may be done or sug- 
gested which is likely to stereotype, to hinder the 
development of superior structures in the future, or 
to induce inferior standards of construction through 
the introduction of Government minima for main 
scantlings. By admitting that passenger vessels 
aud exceptional types require exceptional treat- 
ment, it appears to us that the Committee also 
admit that their strength standards are not to be 
accepted in too hard and fast a spirit ; and it is to 
be hoped that if and when these standards become 
international this attitude will also become inter- 
national. 

If they are to be judged by their report and by the 
character of the alterations pro’ in their new 
rules, the Load-Line Committee are satisfied that, 
so far as is ascertainable from experience, free- 
board should be measured by the least height of 
platform which affords, under moderate conditions 
of sea, a reasonably comfortable ship to handle, 
and that safety is a question of so thoroughly 
protecting all weather-deck openings, and pro- 
viding such ample means of freeing the weather- 
decks from water, that the risk of founderin 
under extreme conditions of weather is sohunel 
so far as is humanly possible. We agree with this 
attitude, and we feel that freeboard for steamships 
is not a problem which is readily soluble from 
purely scientific considerations, but we also feel 
that the report of Sir Philip Watts’s Committee is 
the best attempt which has yet been made, and 
possibly the best attempt which can be made, to 
combine the many conflicting attributes of the 
question. The directness with which opinions 
are expressed, the clear way in which the scientific 
and practical aspects of freeboard are stated in 
letterpress and diagrams, and the evidence which 
it bears of painstaking care in analysing all sides 
of the question, justify the conclusion that the 
report of the Load-Line Committee of 1915 is com- 
mensurate with the standing of its members and 
the importance of the subject. 





RADIATIONS FROM ATOMS AND 
ELECTRONS 

For some years past, Sir J. J. Thomson, P.R.S., 
O.M., has given a course of lectures at the Royal 
Institution in which modern views on physicalscience 
are set forth in plain language and with singular 
lucidity. “The subject chosen for this year’s course 
is that of the *‘ Radiations from Atoms and Elec- 
trons,” and the first leclure was delivered on 
Saturday afternoon last. 

In opening his address, Sir J. J. Thomson said 
that the main object of studying the radiations 
from atoms and electrons was to form some idea as 
to the character of the mechanism at work within 
the atom by which the observed radiations were 
produced. In this first lecture he proposed, he 
said, to consider certain difficulties met with 
In interpreting, y this study of the radiations, the 
nature of the vibrator in which they had their 





source. He would illustrate these difficulties by 
the case of light. Discussions as to the real nature 
of white light had been very prominent during the 
past twenty years. Until Lord Rayleigh called 
attention to the subject it had, in fact, been 
thought ~ 2 poy of interference bands 
necessarily implied a ve t larity in the 
vibrations of tthe ipusbacun eliy anna the 
light. He would, however, he thought, be able to 
make clear that these interference effects did not 
provide an unambiguous method of getting at the 
nature of the vibrators concerned. It was now 
held, in short, that the regularity of a7 
interference bands had nothing whatever to do wit: 
the vibrator, but depended entirely on certain 
peculiarities of the instruments used, or of the 
medium through by the light in the interval 
elapsing between its emission and its reception on 
the screen. He would, he proceeded, illlustrate 
this by experiment. Having a long piece of stout 
rubber tubing stretched between the lecture-table 
and the ceiling of the auditorium, Professor 
Thomson showed that on striking the lower end 
of this tube a sharp blow, the resulting dis- 
turbance travelled up the tube to its point of 
suspension, and was then reflected back again, the 
‘*hump” produced by the blow running up and 
down the tube two or three times. He called 
attention to the fact that during the whole of this 
time the ‘‘hump” retained its shape unaltered. 
There was no tendency for it to spread over a 
greater length of the tube, but during the whole 
period of its existence the disturbance at any 
moment was confined toa short length only. The 
phenomenon, in fact, corresponded closely to that 
produced by a sharp tap or by the crack of a ~— 
the noise of which was propagated through the 
air, and at each point reached, the sound lasted 
only as long as the time originally taken to produce 
it. The sound, in fact, remained sharp, without 
any tendency to prolongation. Under certain con- 
ditions, however, it was 
long the sound of such a crack and to make it 
equivalent to a musical note lasting a much longer 
time than the original disturbance, although the 
latter had itself none of the characteristics of a 
musical note. 

Possibly some of his hearers had observed that 
if they stood at a little distance in front of a long 
flight of steps, the sound made by clapping the 
hands was reflected back by the steps as a pro- 
longed echo, equivalent to a musical note of definite 

itch. This effect arose because the foot of the 
Ttecbene on meeting the nearest step was 
reflected back, but the rest of the impulse passed 
on until it met the riser of the second step, from 
which another portion was reflected, and so on for 
the rest of the steps. The case was, in short, 
equivalent to that of thunder and lightning. The 
sharp crack due to the flash lasted only an 
infinitesimal time, whilst the thunder was due 
to a succession of reflections of this sharp crack 
from different clouds. In the case of the steps, as 
the distance passed over by the disturbance between 
each successive reflection was the same, there was 
a definite and identical interval between the suc- 
cessive reflections reaching the ear, and the sound 
received had accordingly the character of a musical 
note, although it originated in a disturbance posses- 
sing nothing of this character. The extent to which 
this note was prolonged depended, moreover, solely 
on the number of the steps, and not at all on the 
time during which the original disturbance lasted. 
In fact, from the report of a pistol a sound could 
be obtained lasting as long as there were additional 
steps to act as reflectors. 
t would thus be seen that the study of a noise 
as received by the-ear need not necessarily be a 
guide to the character of the disturbance which 
originally excited it, but might give merely the 
number of steps in the reflecting object. 

As a further illustration of the principle here 
involved, the speaker took another tube of rubber 
similar to that already mentioned, but to which at 
equally-spaced points of its length a series of weights 
had been secured. On repeating his original experi- 
ment the s hump produced initially was 
partially refi as it each of these weights, 
with the result that a disturbance having a periodic 
character was reflected down the tube. 

The application of these analogies to light would, 
he said, be apparent if a grating were considered 
as consisting of a number of equally-spaced reflect- 
ing bands = from each other by transparent 
antervals. Light reaching the grating from any 


possible, he said, to pro- | to 





source would be reflected in a regular succession of 
separate disturbances, and the final result would 
depend entirely on the grating, and not at all on the 
character of the original disturbance. If the reflect- 
ing bands were sufficiently numerous, interference 
effects could be obtained, but these would be merely 
a measure of the fineness of the grating and could 
tell nothing as to the periodic nature or otherwise 
of the — disturbance. Hence, even when the 
velocity of propagation was the same for all dis- 
turbances, we could produce a lar succession 
of waves, even when the original disturbance was 
a 8 pulse. An explanation could thus be 
obtained of the action of a grating in giving a re- 

lar spectrum even if the original source were as 

isconn possible. It was 
accordi 4 impossible to tell from the reflections 
ae y a grating anything as to the nature 
of the source, since the grating would produce 
light of definite pay ap even when there 
was nothing of the kind in the original light. 

The discussion of the corresponding effect pro- 
duced by prisms was more difficult. Suppose, for 
example, an i disturbance to enter a re- 
fractory medium. Such media did not transmit 
all disturbances at the same speed ; and the con- 

uences were important. 

‘o illustrate this the speaker took as a model of 
such a medium a Kelvin ‘‘ wriggler” suspended 
from the ceiling of the lecture- room. This 
‘* wriggler ” consists of a long vertical wire crossed 
by heavy horizontal bars of wood fixed to the wire 
at regular intervals. Using this piece of apparatus, 
the lecturer showed that if the lowermost of the 
cross-bars were given a disturbance, a sort of wave 
ran up the wriggler, but with the added peculiarity 
that the farther the disturbance travelled the 
ter was the number of cross-bars affected. The 

bance, which was represented at the bottom 
by a sharp jerk affecting one bar only, had thus 
spread over a dozen or more before it reached the 


ected and as abrupt as 


rN still better illustration, the lecturer proceeded, 
of the principle involved was afforded by waves on 
the surface of water. If a stone were flung into a 
pond, rings spread out from the centre, which be- 
came more and more numerous as the distance from 
the origin increased, so that, quite far out, beauti- 
ful wave patterns could be seen over a large breadth 
of water. Lord Kelvin had, Sir Joseph proceeded, 
worked out the theory of such disturbances. 
Taking a disturbance represented by the heaping-u 
of the water intoa single hump at one point, he 
calculated the form of the water surface after the 
lapse of different intervals of time. The results are 
represented in the subjoined diagrams and show 


DIAGRAM I. Water - Curve 








DIAGRAM 2. 











that, as time went on, the disturbance took more 
and more the ordinary wave form, the original 
isolated hump being replaced by a series of waves. 
The wave-length of these waves was, moreover, 

ter the further the distance from the origin. 
n short, the original hump broke up ihe ti. 
tinct series of waves, with the longest waves in 
front, and we thus got lar wave patterns pro- 
duced by a simple splash. The general result 
was that any irregular disturbance communicated 
to a water surface was automatically sorted out 
into regular series of waves, the number of 
which depended upon the distance travelled. 
A prism, on receiving an irregular light pulse, 
behaved in an analogous way. The irregular 
pulse of light was spread out by the prism into 
an immense series of perfectly - waves, 
the number of which depended on the distance 
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travelled in the prism and had little to do with any 
regularity in the vibrator in which the pulse origi- 
nated. This action of a prism was, he went on, due 
to the fact that the velocity of light in a dispersing 
medium depended on the wave-length. The easiest 
way of considering the matter was to analyse the 
— disturbance into a series of waves by means 
of Fourier’s theorem. 

Fourier had proved that any kind of disturbance 
whatever, could be re ted as a series of 
wavessuperimposed one on the other. Thisheld even 
were the disturbance equivalent to an abrupt noise. 

In fact, any noise whatever could be reproduced 
by striking, suitably and simultaneously, a series of 
tuning-forks of different pitches. Each of these 
forks emitted its own musical note, and by simul- 
taneously striking the a forks, any noise, 
no matter how abrupt and discontinuous, could 
be reproduced. F er, it was ible to have 
the forks all in motion for some time, with resul- 
tant silence, and for them then to give an abrupt 
noise and to subside into silence again, while still 
continuing in motion, the silence before and after 
the noise being due to the mutual interference of 
the effects due to each individual fork. 

The initial ‘‘hump” on the water surface in 
Lord Kelvin’s problem could accordingly be con- 
sidered as made up by the superimposition of waves 
of different wave-lengths. A peculiarity of water and 
of glass and other dispersive media was that the speed 
of wave transmission depended on the wave-length. 
In the rubber tube used in the first experiment 
shown, the speed, on the other hand, was the same 
whatever the wave-length, and this was also true of 
sound-waves in air, so that a tune played by a band 
was heard asa tune whatever the distance of the 
auditor. The waves into which the hump could be 
resolved all travelled along the rubber tube at the 
same rate, and the disturbance accordingly retained 
its shape, as had been seen. In the case of water, 
however, the series of waves, into which the initial 
hump could be resolved, travelled with different 
velocities, those of longer wave-length travelling 
faster than their shorter fellows. Hence at the front 
of the disturbance resulting from the subsidence of 
the hump, long waves ominated, and the shorter 
waves were left behind. The further away from the 
centre the ter was the separation, and possibly, 
if one could get far enough away, the leading waves 
would be accurately ‘‘ monochromatic.” 

To show how the waves corresponding to an 
abrupt disturbance of a water surface could be 
analysed the lecturer exhibited the following ex- 
periment :—A thin stream of water was allowed 
to run down an inclined sheet, and a reflection 
of its surface was thrown on to a screen. An 
obstacle in the path of the water caused a disturb- 
ance of the surface, and this disturbance could, 
the speaker said, always, whatever its nature, be 
represented by the superimposition of a number 
of waves of different wave-lengths. Amongst all 
these waves there would be one series travelling up- 
stream with the same speed that the water surface 
was travelling down-stream, with the result that 
stationary waves were produced, the reflection of 
which was very evident on the screen. The waves in 
this case, Sir J. J. Thomson stated, were due to 
surface tension, and not to gravity, which was, 
however, responsible for ordinary sea-waves. Waves 
due to surface tension travelled the more rapidly 
the smaller the wave-length, and were known as 
‘‘ripples,” whilst in the case of waves due to 


vity it was the largest waves which travelled | th 


astest. By increasing the speed of flow, the lec- 
turer showed that the pitch between successive 
crests of the ripples was shortened, since at the 
higher speed it was a component with a shorter 
wave-length that moved up-stream as fast as the 


water flowed down. By reducing the velocity of 
flow, a point was reached, the lecturer showed, at 
which all signs of wave action disappeared. This 


was, he remarked, due to the fact that there was a 
certain minimum speed for the propagation of 
waves over a watef surface. 

The experiment just described showed, the 
speaker said, that by the action of the transmitting 
medium in selecting waves moving at a certain 


speed, we got a larity which was quite inde- 
pendent of the exci! source, The phenomenon 
exhibited corresponded very closely with the action 


of the glass of a prism on light. No matter how 
ay pe the disturbance entering the glass might 
be, it would be sorted out by the = into per- 
fectly series of definite wave-lengths. 

It w be evident, the speaker continued, that 





the action of a prism in producing a spectrum was 
thus more fundamental in character than was usually 
su so that the prism actually ‘‘ coloured the 
light.” In fact, apart from an action of this kind, it 
was difficult to see how a very short disturbance 
could in any circumstances produce the sensation of 
colour. There was, in fact, no conceivable mecha- 
nism by which a disturbance lasting for only a 
fraction of a vibration could be distinguished as a 
colour by the eye. For this to be possible it would 
seem 1 that at least two or three complete 
vibrations should be received, just as in music it 
was necessary for the ear to receive two or three 
complete vibrations if it were to distinguish the 
note. He held this view, he said, in spite of some 
statements which had been made to the contrary. 

Hence, if a thin pulse of light, not lasting as long 
as a single vibration in the luminous spectrum, were 
received, it would not give the sensation of colour. 
On passing through a prism, however, a short dis- 
turbance of this kind would be lengthened out, and 
by having the path long enough as many vibrations 
as desired could be o tained. The prism, there- 
fore, did much more to the light than it was usually 
credited with, at least in the older text-books on 
optics. In these, the view expressed was that the 
colours existed as a mixture in the incident white 
light, and the action of the prism was simply to 
disentangle these. From a purely mathematical 
standpoint this view was tenable, as a pulse, how- 
ever sharp, could be considered as the resultant 
of an enormous number of superim vibrations. 
Physically, however, the action of the prism was 
not merely to split up these colours, but to prolong 
the time during which a disturbance lasted. This 
effect depended on the length of the optical path, 
and the number of definite waves soolael from 
a sharp pulse was proportional to the length of 
this optical path. 

From this point of view it would be seen that a 
study of light through a prism could give 
no certain indication as to the nature of the 
vibrator in which it originated, any more than could 
the light from a grating be taken as a conclusive 
criterion of the regularity of the source. 

There were, however, some cases of interference 
which stood on a different footing. Michelsen’s 
interferometer, for example, comprised nothing 
corresponding to a grating, and though lenses might 
be ‘embodied in it, the optical path in these was not 
nearly long enough to account for the results ob- 
served. 

Using this instrument, Michelsen had obtained 
interference between waves of mercury light, the 
lengths of paths of which differed by more than 
half a million wave-lengths. The significance 
of this observation might, he proceeded, be 
made clear by considering a corresponding case 
of interference by sound. Take, for example, he 
said, the case of a sensitive flame backed bya glass 
reflector. Then, if a sound were emitted from a 
suitable source, the flame would respond to the dis- 
turbances reaching it. Of these the one came direct 
from the source, whilst another reached the flame 
after reflection at the glass plate, and this reflected 
disturbance had travelled a longer distance than 
the direct wave. By suitable precautions matters 
might be adjusted so that the action of the one 
wave cancelled that of the other, and the flame re- 
mained unaftected accordingly. The point to be 
noted was that the reflected wave, having travelled 
over the longer distance, must have started from 
e source some time before the direct wave which 
it annulled. The longer the difference between the 
two paths the greater must be the time which had 
ela; between the emission of the two interfering 
disturbances. In Michelsen’s experiment, inter- 
ference was obtained between rays, although the 
source emitted the one ray 540,000 vibrations 
after it had sent out the first ray; neverthe- 
less a counterbalance was still obtained. This 
observation was usually taken to imply that an 
atom of mercury could sustain vibrations with 
such persistency that after half a million of them 
it was in action as vigorously as ever, and was, 
moreover, radiating all this time without any change 
of phase. This appeared hardly probable to the 
speaker. He did not, in fact, find it easy to realise 
how the necessary conditions for the interference 
could be sustained if the whole of the radiation was 
produced by a single atom. Such atoms were, for 
example, continually coming into colligion with 
other atoms, and the consequent shock would alter 
the phase of the radiation emitted. It appeared, 
however, on making the appropriate calculation 


J 





that disturbances thus arising were unimportant, 
as the interval between successive collisions was very 

e in comparison with the time occupied in 
emitting half a million vibrations. A radiating 
atom was, however, also subject to shocks of 
another kind, as each was surrounded by others 
also emitting light, and to this light the atom was 
very absorbent. If it did pick any up, however, it 
would be thrown out of step, and the regularity 
necessary for interference effects would be de- 
stroyed. We should have, accordingly, to sup- 
pose that each luminous particle of mercury, during 
the time it was luminous, received no light. Such 
& supposition would, however, be inconsistent with 
the number of luminous centres present. 

What really happened appeared to be that the 
necessary precision of phase was produced by the 
action of the light itself. The light that interfered 
was, in short, not derived from a single luminous 
centre, but from a considerable number of such 
centres forced into phase by their mutual inter- 
action. It would seem that the stream of green 
light, in passing the atoms of mercury, excited 
them to radiate in phase with itself by fixing the 
time at which a particular atom began to & luminous, 
firing it off, as it were, in phase with itself. This 
phase was accordingly forced upon the active atoms. 
As one ceased to radiate another ee and the 

hase at which it started was fixed by the stream of 
ight in which it lay. Some view of this kind was, 
he — necessary to make intelligible inter- 
ference between rays having a difference of over 
half a milllion wave-lengths in the paths traversed. 





HIGH-TEMPERATURE LABORATORY 
FURNACES. 

INFORMAL discussions on a general type of machi- 
nery or apparatus, as distinct from the reading of 
set papers on some particular —— of limited 
interest, we | afford useful guidance to those de- 
siring to make an addition to their plant and tell 
them what minor troubles to look for in working 
the instruments and how to avoid them. The 
general discussion may, on the other hand, meander 
and lose itself in reiterations and into excursions 
into irrelevant features. The Faraday Societysteered 
fairly clear of these pitfalls when holding an informal 
discussion on ‘‘ Methods and Appliances for the At- 
tainment of High Temperatures in the Laboratory,” 
in the building of the Institution of Electrical 
Engineers on Wednesday last. The subject was 
very ably opened by Dr. J. A. Harker, F.R.S., 
who gave the meeting the benefit of his wide ex- 
perience at the National Physical Laboratory. 

Dr. Harker stated that the subject was very 
large, and he would not refer to arc furnaces, which 
were hardly suitable for the laboratory. Many 
experimenters had probably, like himself, tried to 
make a tubular resistance furnace by drilling out 
a cored carbon; that attempt generally ended 
in disappointment, for the carbon was too hard 
and brittle. The resistance of the carbon de- 
pended upon the density it had acquired during 
compression, and the temperature to which it 
had been heated in manufacture ; the resistance 
would be 2000 or 4000 times as high as that of 
copper. The best graphite from Niagara had about 
a Ath of that resistance ; it could be turned on a 
lathe like a hard wood, whilst most samples of 
carbon could only be worked with a grinding-tool. 
In designing a furnace, one should bear in mind 
that the carbon resistance, whose temperature 
coefficient was very low, sank to about two-thirds 
of its value at incandescence, and that hence the 
voltage then dropped, and the current increased. 
It looked rather wasteful to cut a tube into 4 
spiral, but it was very convenient for the — 
menter. The contacts of a tube furnace wanted for 
a few runs only might be made by wrapping round 
the ends stout copper sheet attached by bolts 
to the cables. But where the air gained access at 
unprotected portions, a neck would burn into the 
tube, and it was necessary to lag and to encase 
the furnace, also for the reason that all carbon 
gave off gases(CO mainly) which became dangerous 
unless burned within the furnace. The mineral 
impurities of the carbon also volatilised during the 
first high-temperature runs, and formed a fog in the 
tube, which condensed to cobwebs of the oxides of 
siticon and other elements. Brickwork setting did 
not keep gas-tight ; at Teddington they had made 
settings of ferro-concrete held together by stout 
wire netting, and painted them over with tes. 

The expansion of the tubes caused no trouble if 
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the clamping allowed them to glide; the spiral 
tubes behaved splendidly in that respect, their 
springiness taking up the expansion. Figs. 1 and 2 
show various tubes; the latter figure also illustrates 
the tubes through which the cooling water circu- 


Harker explained, was designed and made by Mr. 
C. G. Eden (formerly his assistant, now a consult- 
ing engineer), formed the longitudinal axis of the 
drum (aluminium casting) surrounding it; the whole 
inner space was packed with soot (presently to be re- 












































Fic. 3. Carson Resistance Furnace; Epen’s Patrern. 


lates. The cooling of the clamps was most essential, | ferred to) which was introduced through the openin 
and in the furnace illustrated in Fig. 3 the discs | at the top. The clamps were attached to the en 
closing the ends of the drum were likewise cooled. | discs, which were bolted to the drum. The whole 
Tidy teungen had been built mainly for the pur- | furnace was supported on a stand, on which it could 
pose of standardising optical pyrometers, and such | be turned so as to be inclined at various angles. 


& pyrometer is seen mounted in front of the| The clamps were lubricated inside with unctuous 
furnace. The tube of the furnace which, Dr.’ graphite; if they did not fit well, a better grip 





could be obtained also the aid of several 
thicknesses of tinfoil. 'o ©insulate the space 
inside the drum simply by air was not ad- 
visable; carborundum and similar compounds 
would do, but they had found a soot produced 
by burning rag to answer best. This lamp- 
black was very loose and settled in the furnace ; it 
gave off some hydrocarbons which might burn and 
give a cyanogen flame. The diameter of the 

phite tube in that furnace would be about 1 in. 
When larger tubes, and especially when spiral 
tubes, were used, it would be advisable and pos- 
sible to place tubular liners inside the tube, so 
as to protect the substance to be heated from the 
reducing furnace gases. Such linerscould be made 
of zirconia ; generally two liners, two concentric 
tubes, were mounted within the furnace-tube, and 
though the zirconia of the outer tube would partly 
be turned into carbide and become very hard, the 
inner tube would remain fairly intact. Alundum 
tubes were also applicable, and made very good 
refractory insulators; they were not gas-tight so 
far, however. To prevent the soot from falli 
through the spiral cuts, the tube was wrapped wit 
a oul filter-paper, almost free of ashes ; the car- 
bonised paper held the soot back afterwards. In 
this respect, Dr. Harker subsequently remarked, 
the soot was preferable to charcoal, which Dr. 
Greenwood recommended during the discus- 
sion. 

Passing to electric heating by means of loose 
granulated resisters —carborundum, cryptol (a 
material made of carborundum, graphite, and clay, 
granulated and dried somewhat like gun-powder), 
&.—Dr. Harker said that such resisters proved 
tedious and unreliable at temperatures exceedin 
1600 deg. or 1700 deg. Cent., because secteventiol 
paths of smaller resistances would frequently form 
in them, and the current would then chiefly heat 
these parts, so that unequal heating resulted. 
This was especially so with annular resisters ; 
matters could sometimes be improved by splitting 
the ring which contained the resister. Another 
form of resistance furnace, convenient for some 
metallurgical studies, consisted of a fire-brick pro- 
vided with two hollow cups joined by a zig-zag 
groove ; the cups formed pools of molten metal. 
There was not much to be done with this type of 
heater, for the resistance of the molten metal was 
little or no higher than that of the solid metal. As 
— economy, the furnace illustrated was gene- 
rally fed from the simple transformer shown in 
Fig. 3, and required about 1 kilowatt to give a 
temperature of 2500 deg. or 3000 deg. Cent. 
The former temperature could safely be borne 
for a long time ; during the demonstration a tem- 
perature of 2000 deg. Cent. was reached within 
three minutes. The cylinder shown by the side of 
the furnace in our reproduction of the furnace 
photograph is a vessel containing nitrogen or some 
other gas wanted for creating a special atmosphere. 

At the end of the discussion Dr. Harker referred 
to vacuum electric furnaces. His experience with 
Arsem and other vacuum furnaces was not too en- 
couraging ; the radiation losses in them were great, 
ond he pump had to be very efficient, because 
the evolution of gases from the carbon and the 
metallic parts of the furnaces went on for weeks and 
months, and unless a really high vacuum were main- 
tained the deleterious effects of carbon were quite 
as bad as at ordinary pressures. Platinum-coil 
furnaces had to be handled carefully, because one 
could not at once send the full heating current 
through them ; nichrome and carbon, still more, 
were not delicate in that respect. 

We have already anticipated several remarks 
which Dr. Harker made in reply to questions put 
during the discussion, Dr. Desch wrote to ask for 
advice as to suitable furnaces for experimenti 
with silicates ; Heraeus furnaces were not suitable, 
and the silit tubes of Siemens (Berlin) were 
troublesome at higher temperatures. Several 
speakers referred to optical pyrometers, for whose 
standardisation the Eden furnace was especial] 
designed, as already stated. Sir Robert Hadfield, 
F.R.S., the President of the Faraday Society, 
had mentioned, in introducing Dr. Harker, that 
some 12,000 pyrometer readings were taken every 
week in his Sheffield works, and one of the two 
furnaces exhibited (the one illustrated in Fig. 3) 
was, in fact, destined for Sir Robert's steel worke. 
These pyrometers (of the Wanner type) were pro. 
vided with two scales, and had to be tested all over 
the range. Dr. Whipple, F.R.S., said that they 
were all glad that the National Physical Laboratory 
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and Dr. Harker had taken up the standardisation of 
optical pyrometers, after having supplied them 
with reliable radiation pyrometers. One war 
difficulty in connection with optical pyrometers 
had been the supply of red glass (obtained from 
Germany); Mr. Twyman had been able to help 
them with his store. Mr. Twyman afterwards 
remarked that gelatine screens could be used 
instead of the ruby glass, bat Dr. es did not 
quite trust these for the eye-piece. Dr. Whipple 
also referred to the gear-hardening furnaces of 
Messrs. Leeds and Northrup. which he had quite 
recently seen in works at Detroit, U.S8.A.; wheels, 
6 in. and 8 in. in diameter, were heated in these 
furnaces, the man watching until recalescence set 
in, and then quenching thespecimens. That was 
another advance; the specimen itself indicated 
when the proper temperature had been reached, 
and standardised instruments were not required. 

Dr. Rosenhain, F.R.S., said that in his search 
for optical-glass furnaces, where no carbon could 
be tolerated in the working space, he had tried a 
magnesia crucible wound with tungsten wire, 
“ @ he had found with that furnace that pure 
iron melted at 1525+ 5 deg. Cent. in a vacuum. 
But tungsten wire was very brittle at high 
temperatures, in hydrogen and nitrogen atmo- 
spheres, as well as in a vacuum. Dr. Harker con- 
firmed this statement, but he alsothought that some- 
thing could be done with squirted tungsten tubes. 
As regards clamps, Dr. Rosenhain recommended to 
spray the contact surface of the carbon by the Schoop 
process with some metal (copper), and to burnish the 
metal ; otherwise the current losses and local heat- 
ing would be great at the clamps and also at elec- 
trode joints ; that would betray itself by high volt- 
meter readings. With regard to gas furnaces, Dr. 
Rosenhain recommended two types: the Seger- 
Heinecke, in which the mixed gas and air up 
and down an iron pipe before burning ; this was silent 
and useful for temperatures up to 1500 deg. Cent., 
but the atmosphere was reducing. For higher tem- 
peratures he used his blow-pipe; air at a pressure of 
100 lb. per sq. in. ente a chamber which was 
provided with many apertures and ended in a neck 
to which the cast-iron nozzle was attached. This 
nozzle gave a flame 6 ft. long and more, which was 
very noisy ; the flame would only light in the fur- 
nace, and the burner had to be withdrawn from 
the furnace before turning the air off, else the nozzle 
would melt. 

That compressed-air flames were ve 
was further stated by Mr. Kent and Mr. Webb, 
from Messrs. Johnson and Matthey, who want 
temperatures of 3000 deg. Cent. daily in melting 
platinum, iridium, &c. For temperatures up to 
1000 deg. they preferred nichrome furnaces. Mr. 
Kent had also tried zirconia, mixed with a little 
ceria as binder, and hoped, like Dr. Harker and 
Rosenhain, great things from zirconia. In the 
Brayshaw burner the high efficiency was partly due 
to the agitation of the gases, Mr. Kent remarked. 
Mr. Brayshaw himself explained this further ; the 
gas-air mixture of correct proportions struck 
against a cone, and havin through channels 
and blind pockets catesol e burner through four 
holes. The in the blind kets ac as a 
cushion ucing whirls, so that the 
into the burner in the violently agitated condition 
favourable for the rapid propagation of explosive 
ignition. Mr. Brayshaw told the meeting how he 
had convinced ems bpd —_ Office of the 
important part play y the blind pockets ; the 
hal objected that the pockets ue bs pales. 
as the ‘‘ appendix ” was to the abdominal organs— 
i.e., essential for being removed by operation ; the 
er oe had made at the National 
Physical Laboratory. One objection to noisy gas- 
furnaces, which Mr. Darling pointed out, is that they 
are unsuitable for lecture-rooms and labora’ 


powerful 


tories. 

Dr. Greenwood, formerly in the National Phy- 
sical Laboratory (now in the Army), where he did 
some excellent work on the boiling-points of metals, 
brought the discussion back to electric furnaces. 
For rough purposes he preferred simple brick 
settings, because the dimensions could then be 
easily modified, which was sometimes essential. 
A simple calibration of pyrometers, sufticient for 
certain purposes, could be obtained with the aid of 
narrow strips of pure platinum, rhodium or iridium, 
which were clamped and heated up in steps of 
10 deg. or so until the rupture occurred. 

As furnaces for casting ingots of 
200 lb. of German silver and other alloys, electric 
furnaces were certainly preferable to gas and coke 





furnaces, and he had lately been experimenting 
with furnaces in which resisters were put in series, 
the current flowing from top to bottom. 

In one of his concluding remarks Dr. Harker, 
who was assisted by Mr. Ezer Griffiths, drew atten- 
tion to a good book on gas furnaces, written by Dr. 
Jaeger, of Groeningen. 





THE FAN DYNAMOMETER. 

For certain p the fan dynamometer is 
exceedingly convenient, but it has not hitherto 
been regarded as an instrument of precision. 
Some interesting experiments made with the 
object of removing this reproach were described 
in a paper read before the Institution of Auto- 
mobile Engineers, by Mr. J. Lawrence Hodgson, 
on March 8 last. In the majority of these experi- 
ments, the fan used was revolved in water, but 
some tests were made in air, and a comparison of 
the two showed that both sets could be represented 
by the same formula, on assuming that in each case 
the resistance was proportional to the density of 
the fluid. Two forms of fan were used by Mr. 
Hodgson, of the shapes shown in Figs. 1, 2, and 3. 
The fan, it will be seen, consis of a square 
or round paddle mounted at the end of a rela- 
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tively thin arm. The section of this arm was, in 
some of the experiments, round, and in others 
of the shapes shown in Figs. 4 and 5. The experi- 
ments showed that the resistance depended, to 


some extent, upon the proportion of ” (see Figs. 1 
8 


and 2), but that once this ratio exceeded about 7 to 
the resistance was practically unaffected by a 
further increase in the ratio. From his observa- 
tions Mr. Hodgson states that the resistance of a 
fan dynamometer revolving in free air is given by 

the following formulx :— 
wm = K N23 2 W. 


: ‘ . & 
Ma = 0.35 x 10-8 o N2@rattW . 


. (2) 





Hh =o + Ma - (3) 
_ uN 
EP. = $3,000 * : - (4) 
Where 
Ww 


density of the fluid in pounds per cubic foot. 
62.33 for water at 50 deg. Fahr. 
1.347 x barometric press. in inches of mercury. 


(460 + temp. Fahr. 
Pps, 
te = torque due to blades in inch-pounds. 
= total torque. 
H.P. = horse-power. 
"0 = agitate dlagaes, ord fa 
s= side of square, or diameter of disc in 
inches. 


r = external radius of fan in inches. 
Ta = radius of arm in inches, measured to inside of 
e. 

t = thickness of arm in inches. 

« = 8 coefficient which when ™ > 7 is about 2.04 
for square blades and 1.58 for round blades. 

¢ = a coefficient depending on the section of the 
arms as given in Figs. 4 and 5. 





When the ratio ” was less than 7 the resist- 
8 
ance varied considerably with th’s ratio, being 
for square blades about 2.07 fur " = 6; 2.27 
8 


a @ 


for " = 3; and 2.15 for " = 2. The corre- 


8 8 

sponding values for circular blades are 1.58 

for “ = 6; 1.68 for” = 3; and 1.63 for “ = 2. In 
8 


8 
practical work Mr. Hodgson says that the diameter 
of the fly-wheel to which the fan is bolted should 
be less than 7., and the blades should clear the 
floor by at least 14 times the radial width of the 
blade, and that there should be a distance of 
1} fan diameters between the plane of the fan and 
any adjoining wall. 





A MINISTRY FOR THE AIR. 

Tue Ministry of Munitions has undoubtedly 
proved remarkably successful, and there is now an 
active agitation to —— a Minister having ex- 
clusive charge over all matters pertaining to aerial 
warfare in the hope and expectation of an equal 
degree of success. The problems concerned in the 
two cases are, however, by no means identical. In 
the one case the result was in the main merely a 
matter of organisation. The projectiles and other 
requisites were standard patterns, and it was merely 
a question of increasing the output. If it were true 
that existing patterns of aeroplanes would meet all 
the needs of the service, and that they were incap- 
able of material improvement, the establishment of 
a Ministry to control the supply might have many 
advantages. We learn, vate that certain builders, 
whilst willing and anxious to work for the Navy, 
are reluctant to undertake corresponding work for 
the War Office. The reason given is the alleged 
absurdity of certain of the requirements embodied 
in the specifications prepared by the latter. Limits 
of precision are fixed for the woodwork which, it 
is stated, depend for their satisfaction on a con- 
tinuance of favourable meteorological conditions. 
Obviously a degree of accuracy found satisfactory 
for naval requirements should suffice for the sister 
service. The establishment of acentral controlling 
board would provide an opportunity for the revision 
of specifications and the omission of clauses put in 
apparently merely in order to facilitate inspection 
by officers devoid of technical skill or knowledge. 
Such a revision would, no doubt, make possible 
an increase in output, though we note that, accord- 
ing to the Under-Secretary of State for War, the 
deficiency has been rather in the number of engines 
than in the supply of the aeroplanes themselves. 

ere is, however, another aspect of the question. 
If matters are still ely in an experimental stage, 
as we believe they are, centralisation and standardi- 
sation may well prove to have some serious draw- 
backs. As matters stand, the Army and the Navy 
make use of independent corps of designers, and the 
danger of matters getting into a rut is correspond- 
ingly diminished. The Navy, indeed, will be slow 
to welcome a move in the direction advocated, as it 
cannot have forgotten the days when it was depen- 
dent on Woolwich for its guns. This system had 
all the advantages of centralisation which are 
claimed for the proposed Ministry of Air, but the 
result was little less than disastrous. The com- 
petition in matters of design between the Army 
and the Navy has certain very great advantages, 
and must tend towards progress. In this connec- 
tion it is of interest to note that the exceptional 
excellence of the French guns dates from the time, 
still recent, when private firms in France were, 
for the first time, allowed to design and build 
ordnance for foreign account. 

France as in Britain independent centres of 
thought were thus established, which, in competition 
with each other and the rest of the world, made one 
improvement after another, each of which was duly 
taken advan of by the national authorities as 
the occasion offered. The great importance of the 
advances made by the French armament firms is 
well illustrated by the fact that in all the inter- 
national competitions held verge Bens years 
immediately i the war pps were 
invariably defeated vy their French competitors. 
No lien rate of progress would have been 
possible with all questions of design relegated 
to a single central board. The latter is certain, 
sooner or later, to get into a groove, a risk which 





is wholly obviated when there are independent 
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and competing ‘‘ thinking centres.” Organisation] 1 dy : near the earth’s surface became nearly vertical at 
can, no doubt, accomplish much, but the larger the}, g ) But that formula—which really means about 10 km. height in the so-called isothermal 
organisation the more difficult it is to move along that we measure the Doppler change in period for layer, and one had to move horizontally, not verti- 
a new path. This experience is universal. Not| an artificially-produced velocity—would yield a upward, in the higher atmosphere to meet with 
merely, moreover, are large organisations difficult 


to move, but if the control falls into the hands 
of the somewhat numerous class who believe that 
organisation can replace creative thought, the 
difficulties are intensified. The history of our 
military air service is a conspicuous example of this. 
Lord Haldane is, and was, a great believer in the 
effectiveness of mere organisation, and in thismatter 
was no doubt responsible for the system which gave 
us, notmerely our incomparable corps of ‘‘ contemp- 
tibles,” but also for the territorial system, which 
roved not only an exceptionally valuable second 
ine, but provided the framework on which much 


of our enormous increase of numbers has been 
built up. On the other hand, from his treatment 
of the Wright brothers, it would appear that he 


had less sympathy with bold adventures into novel 
and untried paths. Correspondence recently pub- 
lished shows that he refused, not merely to con- 
sider the purchase of the Wrights’ secrets, but also, 
in the curtest, and all but discourteous, manner, 
he declined to authorise anyone to attend a demon- 
stration of the Wright machine. The Wrights accord- 
ingly arranged for the public exhibition in Paris, 
which awoke such surprise and admiration amongst 
the French aviators, who at that time had them- 
selves travelled far on the road to practical success. 
An Air Ministry under the control of anyone 
with a similar faith in the all-sufficiency of mere 
organisation would be disastrous, and as matters 
stand, even a very open-minded and enterprising 
chief would find it difficult to resist the temptation 
to stereotype designs, for the purpose of more easy 
manufacture, the almost unavoidable result of 
which would be long delays in the adoption of 
important improvements. As matters stand, the 
present arrangement of an Inter- Departmental Com- 
mittee on the Air Service seems to have consider- 
able advantages over the greater centralisation 
which would result from the establishment of the 
Ministry advocated in some quarters. This Com- 
mittee will no doubt be greatly strengthened by the 
appointment, just announced, of Lord Montagu. 





NOTES. 
Erner Drirt with Movine Matter. 

WHEN it is assumed, in accordance with the 
undulatory theory of light, that the ether pervades 
all space and all matter, the question arises whether 
that ether would drift with any matter or medium 
in motion, or whether the ether would remain 
stationary and, allow moving matter to 
through it. Of the many experiments devised 
to test this question, only one has given a posi- 
tive result —the original experiment of Fizeau, 
of 1859, and its later repetitions. Fizeau passed 
two parallel beams of light through tubes, through 
whids seule was running in opposite directions, 
and arranged the experiments so that the beam 
of light travelled in both the tubes against the 
water current; thus any effect of the motion of 
the water on the light-ray would be doubled. 
He actually observed a displacement of the inter- 
ference bands by 0.46 width of a fringe, while he 
calculated a displacement of 0.404. The agreement 
was therefore satisfactory. Fizeau’s formula was 
that the velocity of light in moving water should 


be C = © 4 w, where c was the velocity of light 
B 


in vacuo, w the velocity, and » the refractive index 
of water. Fizeau showed also, however, that not 
the whole w entered into the formula, but only a 


fraction of it, « =1-— 1, which is known as 
the Fresnel coefficient. In the case of water « 
has the value 7/16, and the effect to be ob- 
served is, of course, exceedingly small, one part 
in 50 millions, as the maximum velocity of the 
water in the tubes (1.5 metre in length) was only 
7 metres per second. Repeating the —_ 
with perfected apparatus, Michelsen and Morley 
in 1886 found, with tubes 6 metres in length, a 
displacement of 0.437; they split a ray of light 
by letting it fall on a slightly -silvered mirror, 
which transmitted part of the light and reflected 
another part of it. Then H. A. Lorentz in 1895 
showed that Fizeau’s formula was too simple, and 
that there should bea third term, « being 1— 1 — 


pw 





theoretical displacement of 0.451 for the D line 
(instead of Fizeau’s deduced value 0.404), so that 
the experimental agreement was less satisfactory 
than it had appeared. For this and other reasons 
Weinstein and Jaumann suggested a modification 
of the formula, and P. Zeeman, the discoverer of 
the Zeeman effect, has once more repeated the 
experiments, not with white light, but with mono- 
chromatic light of different wave-lengths—namely, 
the yellow, green and violet mercury lines or arc 
light passing through a slit. He adopted the 
general arrangement of Michelsen and Morley, but 
wider tubes ; his account of the mechanical details 
of his apparatus in the Proceedings of the Akad. 
Wetenschappen, Amsterdam, vol. xvii., page 445, 
1914, and vol. xviii., e 398, is very brief. He 
used Hilger lenses ; fas ater velocity (measured 
by means of a Woltmann meter) was about 465 cm. 

second, and the water moved under a pressure 
of 2.14 kg. persq.cm. The fringes were recorded 
photographically, and Zeeman made his measure- 
ments on the negatives which are reproduced in 
his memoir. The results may be summarised as 
follows :— 



















































colder air. Modern meteorology distinguished the 
troposphere near the earth, the isothermal layer, and 
the stratosphere above the latter. Since we were 
living at the bottom of the troposphere, it was not 
surprising that its influence had been overestimated. 
But the whole atmosphere had to be considered. 
The circulation really seemed to be represented 
by the uniform flow along the isobars under 
balanced forces arising from the distribution of 
pressure on the one hand, and the rotation of the 
earth and the circular path of the air on the other. 
The flow—as the chart of the gale of Novem- 
ber 12-13, 1915, proved, for instance—was by no 
means a natural flow from high to low pressure, 
but it took place without change of pressure, like 
the motion of a planet round the sun, not like a 
falling stone. e cross-flow observed near the 
surface was to be attributed to the friction of the 
air against the earth, and this friction was not an 
obstacle to the cross-flow, but its cause. The 
air above a high-pressure area was not colder, 
but really warmer, than that over a low ure 
area at the same level, and the formation of high 
and low pressures at the surface proceeded in 
spite of an opposing temperature distribution, 
h 





not because of it. e distribution of the pres- 

Displacement Calculated. |. iacement | Sure at the surface was“shown to be the distri- 

Wave-Length. ound. |bution at a height of 9 km. transmitted from 

Fresnel. Lorents. above with local changes caused by the varying 

ate — —— aann density of the lower layers. The atmospheric 

4580 0.442 0.468 0.468 humidity was not of any importance in forming 

5461 0.439 0.454 0.451 low pressures ; but the study of the formation 
6870 0.435 0.447 0.445 





and transformation of different types of clouds was 
very instructive. In numerical calculations con- 
a and wind velocity two relations 
could considered : the —_ relation re- 
garding the air as moving along a great circle (ap- 
plicable probably to temperate and polar zones), 
and the cyclostrophic relation, which di ed the 
rotation of the earth and concentrated its atten- 
tion upon motion in a small circle (applicable to 
the equatorial regions, tropical revolving storms, 
and local disturbances). By means of these rela- 
tions and observed facts many meteorological 

henomena could be explained. But Sir Napier 

haw did not fail to add that his theory might 
prove another ‘‘ illusion.” 





The accord is thus very good, and the experiments 
decide in favour of Lorentz’s formula. 


ILLUSIONS OF THE UprsR ATMOSPHERE. 


The discourse on ‘‘ Illusions of the Upper Atmo- 
sphere,” which Sir Napier Shaw, F.R.S., Director 
of the Meteorological Office, delivered at the Royal 
Institution last Friday, may have been a surprise 
to some members of his audience, who possibly 
expected to hear something about mock-suns, halos, 
or aurors, or the strange experiences of aeronauts. 
Apart from historical notes, Sir N. Shaw confined 
himself practically to old and new views as to the 
circulation of the air under cyclonic and anti- 
cyclonic conditions. He pointed out that half-a 
century had just elapsed since the Meteorological 
Committee of the Royal Society had taken control 
of the Meteorological Department, and that a 
British Association Committee had also collaborated 
with the Department. Reviewing the 
of meteorological theory in England im that half- 
century, Dr. Shaw remarked that the first pro- 
gramme of the reconstituted office had been the 
meteorology of the sea, for the benefit of shipping 
and of the general public, rather than the meteoro- 
logy of the land for the benefit of agriculture, as 
on the Continent, and that rainfall and climatol 
had been left to the private enterprise of G. J. 
Symons, James Glaisher, and others. The term 
** anti-cyclone,” for an area of high pressure—or a 
“high,” in the American phrase, as distinct 
from a cyclone, or a ‘* low”—had been introduced 
by Francis Galton; and Galton’s convection 
theory had generally been accepted in an age 
which knew very little about the upper atmo- 
sphere, and could hence speculate all the more. 

riefly speaking, an anti-cyclone had been con- 
side as an area of cold currents descending 
from the higher strata and flowing out in all 
directions near the earth’s surface, whilst in a 
cyclone warm currents had been supposed to 
converge and to rise, the straight flow of the air 
from the cold to the warm centre being deflected 
by the rotation of the earth and turned into a 
spiral flow. The investigation of the upper air by 
means of balloons and kites, and especially of 
unmanned balloons (ballons sondes), had proved 
this view to be illusory. It was not easy to 
understand in the firat instance how the spiral 
convergence to a definite eentre was to be main- 
tained when the whole system was moving. Then 
it had been proved that the inflow towards a 
low-pressure centre could not be identified at all at 
heights of more than 4 km. above the surface level. 
The temperature, moreover, did not go on decreas- 
ing to the zero of space as one higher and 
higher. The more or less horizontal isothermals 





Lookwoon’s Buitpgr’s AND OonTractor’s Price- 
Book, 1916.—This price-book, which is issued by Messrs. 
Crosby Lockwood and Son, 7, Stationers’ Hall-court, 
——— E.O., at the price of 4s., is edited by Mr. 
R. Stephen Ayling, Fellow of the Royal Institute of 
British Architects, “Member of the Royal Sanitary Insti- 
tute. It gives detailed prices for all classes of material 
and labour emplo: in the construction of buildings ; 
* indicates 4 Jy | districts in which we A par- 

cular product, such as limestone, sandstone, , is 
found, and describes the characteristic features of such 
| eye and the conditions in which they are obtainable. 

he book allows of establishing the cost of any building 
work in cost ef construction. 


the Building Acte, Bye-Laws, and other 
enactments applicable to the specialties dealt with. It is 
completed by a detailed index. 


Granp Trunx Pacirio Rarnway.—The Grand Trunk 
Pacific Railway has cost 355,000,000 dols. in round figures. 
The Lake Superior division of the Grand Trunk Pacific 
was taken over by the Canadian Government in July, 
1915, under a lease, and it is now being worked as part of 
the National Trans-Continental Rail 


system now stops at Winnipeg. 
virtually to Fort William via the Lake isi 

the intervening National Trans-Continental link between 
Graham and Wimnipeg having been used by the Grand 
Trunk Pacific under a lease from the Government. All 
lines east of Winnipeg are now being worked by 

Canadian Government, the Grand Trunk Pacific east- 
bound traffic at Winnipeg being taken over by the Trans- 
Continental system. Construction work on the Grand 





service fay Edmonton Ls Prince Rupert 
augmented in consequence of increasing travel and 
visitors to and from the Panama Ex = heey The length 
of the Canadian Pacific is revarned at 3644 miles, ex u- 
sive of branches. The eastern division, built by 
Dominion Government, comprises 1800 miles. 


F 
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INDUSTRIAL NOTES. 

Tue Director of the Department of Labour Statistics 
states, in the Board of Trade Labour Gazette, that 
with reference to the labour market, in February the 
high level of employment was fully maintained, and 
the percentage of unemployed among the trade-union 
members was the lowest ever recorded by the depart- 
ment. os to the number of male workers now in 
the Forces, the labour requirements were not being 
met, and special steps were now being taken to increase 
the number of women workers both in industry and 
agriculture. 

The war bonuses and increases in rates of 
reported as taking effect in Feb affected over 
204,000 work , and amounted to about 12,5007. 
per week. principal changes affected 120,000 
coalminers in Durham, 20,000 iron puddlers and mill- 
men in the Midlands, and 14,000 workpeople in wool- 
aes and Koeager a Ge at ——_ 

e number utes inning in February was 
38, and the total aler of workpeople involved in all 
disputes in was 12,831, as com with 
11,697 in the previous month, and 31,060 in February, 
1915. The estimated total ate duration of all 
disputes during the month was 102,600 working days, 
as compared with 97,600 in January, 1916, and »600 
in February, 1915. 

The average weekly number of vacancies notified to 
all labour exchanges for the four weeks ended Feb- 
ruary 1] was 45,948, as com with 31,572 in the 
five previous weeks, and with 34,006 in the four weeks 
ended Feb 12,1915. The average weekly number 
of vacancies filled for the;same periods was 28,902, 
23,352, and 24,966 respectively. 4 





The special arbitration tribunals which the Minister 
of Munitions is empowered to constitute by Section 8 
of the Munitions of War (Amendment) Act, 1916, have 
now been set up. These tribunals will deal with 
differences arising in connection with the exercise of 
the powers given to the Minister by the new Act in 
respect of the wages, hours, and itions of employ- 
ment of women or of semi-skilled and unskilled men. 
Under Section 6 of the Amending Act, where female 
workers are employed on or in connection with 
munition work in establishments in which leaving 
certificates are necessary, the Minister has power by 
order to give directions as to the rate of wages, as to 
the hours of labour, and as to the conditions of em- 
ployment of these female workers. The special arbi- 
tration tribunal to which differences relating to these 
matters may be referred has been constituted as 
follows :—-Mr. Lynden Macassey, K.C., chairman ; 
Mr. Ernest Aves, Mr. F. 8. Button, Miss Susan 
Lawrence, Mr. Allan M. Smith, and Mrs. Streatfield. 

Under Section 7 of the Amending Act the Minister 
may by order give directions as to the rate of wages 
or the hours of labour or the conditions of employ- 
ment of semi-skilled and unskilled men employed in a 
controlled establishment on munition work of a class 
which before the war was customarily undertaken by 


skilled labour; and in the same way he may give 
directions as to time-rates paid for the manufacture 
of complete shell and fuses and idge-cases in 


controlled establishment in which this manufacture 
was not customary before the war. The special arbi- 
tration tribunal to deal with differences arising in 
connection with these matters consists of :—Mr. 
Lynden Macassey, K.C., chairman; Mr. Charles 
Duncan, M.P.; Mr. W. H, Hutchinson, Mr. Allan 
M. Smith, and Mr. J. C. Ward. 

An additional function of each of these tribunals is 
to advise the Minister, on being consulted by him, 
as to what directions he should give in respect of 
the matters specified. The chairman and three 
other members of the tribunal form a quorum, and in 
the case of equality of voting the chairman has a 
second vote. 





The occupations ‘‘starred” at the time of the 
National Register included those essential for the 
manufacture of munitions of war, together with certain 
skilled occupations in agriculture. Workers in coal- 
mines, on the railways, in the mercantile marine, and 
in the public utility services were also treated as 
essential to the carrying on of the national life. In 
addition, many workers actually engaged on war work 
were badged. Altogether the men referred to above 
are estimated to account for four-fifths of the number 
of men of ee age exempted from military service. 
The remaining fifth (known as List D) is made up of 
various oceupations reserved in trades con- 
nected with exports. The reservations in this list 
were recom ed by the Reserved Ocoupations Com- 
mittee, and approved by the Army Council. For some 
time past a re tative of the War Office has been 
a member of the Committee. 

Recently this Committee has been asked to under- 
take the revision not only of their own fifth of the 
exemptions, but also of the other four-fifths, except as 
cegente railways and coal-mines. To do so it was 
necessary to secure the co-operation of the other 





departments concerned. Rep 

departments were accordingly added, and the Com- 
mittee now consists of officials of the following depart- 
mente :—Admiralty (1), Board of Agriculture and 
Fisheries (2), Board of Trade (2), General Register 
Office (1), Home Office (3), Local Government Board (1), 
Ministry of Munitions (2), War Office (3). 

This Committee will report to a Sub-Committee of 
the Cabinet which has been set up under the chairman- 
ship of Mr. Walter , to supervise the whole 

uestion of exemptions. e Reserved Occupations 
Committee has already reviewed the exemptions for 
which it was originally pore: and the follow- 
ing recommendations eve considered and ap- 
proved as this List (D) :-— 

1. As evidence has accumulated to show that men 
have been entering certified occupations in order to 
avoid military service, it has been decided that men 
in these occupations will be exempted from military 
service only if they can show that they were similarly 
occupied at the date when the National Register was 
made—August 15, 1915. 

2. With the same object of preventing abuse of 
necessary reservations, it has been decided as far as 
possible to limit exemption of those claiming to hold 
positions ae considerable experience and respon- 
sibility, such as departmental managers, foremen, 
overlookers and the like, to married men aged thirty 
or over. 

3. It has been decided very generally to limit the 
scope of the reservations by releasing for service with 
the Forces unmarried men up to the age of twenty- 
five or thirty, or, in some cases, up to forty-one. 
Only in those occupations which are vital to the con- 
duct of the war, and where the evidence against any 
depletion is overwhelming, will the younger un- 
married men be retained on the reserved list. In 
determining this question the possibility of substitu- 
tion by males of non-mili age or by females has 
been constantly kept in mind, as, indeed, it has been 
throughout. 

4. It has further been decided to delete from the 
list of reservations the occupations connected with 
certain industries. Thus luxury trades, such as the 
manufacture of tobacco, silk, and lace, which have 
received protection merely because of the importance 
of their exports, have been struck out of the list. The 
revision of the lists of exemptions as affecting muni- 
tions, agriculture, and mining, is in progress, and a 
statement on the subject will be issued shortly. Mean- 
time the Ministry of Munitions and the other Depart- 
ments concerned are proceeding, through their In- 

tors, actively to revise the present lists of holders 
of War Service badges, with a view to the withdrawal 
of exemptions no longer necessary. 


The report, dated March 8, issued by the Steam- 
Engine Makers’ Society states that trade still con- 
tinues good, and the demand for the services of 
members, notwithstanding the schemes for dilution, 
far exceeds the supply. Much concern and anxiety 
still exists in the minds of many members as to whether 
the nature of the saf s set out in the recent 
emergency legislation adequately protects the opera- 
tive engineer on the termination of the war. There 
is no doubt whatever, says the rt, but that pro- 
vision is made in the War Munition Act, 1915, to 
compel employers at the end of the war to restore 
pre-war conditions. The report then states the opinion 
expressed by the legal adviser to the Ministry of 
Munitions as to the “‘ obligations of employers under 
Schedule II. of the Munitions of War Act,” and adds 
that not only does the Act adequately safeguard the 
position of the operative engineers when is 
restored, but makes it possible for action to be taken 
against any employer who fails to restore trade-union 


resentatives of these 





conditions after the war. 

The See is contained in the. report, 
written by Mr. William W. Atkinson, branch secre- 
tary, Birmingham :— 

** Fellow-Members,—The Birmin members of 


the Steam-Engine Makers’ Society desire to place on 
record ry ae “os methods of ie aye 
practised e German Government, especi in 
relation to SAmusten and aerial attacks on pom Mor 
batants. 

‘Their determination, individually and collectively, 
is to do all in their power to bring success to the 
Allied arms. 

‘** They deprecate all premature talk of , and 
are pre to protest, politically and industrially, 
against any termination of the war other than by the 
complete destruction of Prussian militarism.” 





The novel experiment which has been made with 
regard to women dock labourers at Liverpool will go 
down to posterity as the experiment that failed, says 
the Li Courier. At least, that is the earnest 
ose who labour at the docks. 

t sag that about forty women were taken on 
last Friday by one of the shipping companies, and 
were given the work of trucking cotton in the upper 
storey shed. At first the men were so surprised at the 


innovation that they hesitated about forming a judg- 
ment. But during the week-end they hit upon a resolu- 
tion which they put into force in a practical fashion on 
Monday morning. When they arrived at the docks, 
they the word along through the proper 
channels that they would not work with the women. 
They were prepared to give way to them, but they 
declined to work alongside them, for a multitude of 


reasons. 

The dockers’ ultimatum came as a surprise to the 
employers, who thought there could be no ible 
objection to women coming to the docks to do their 
little bit in the nation’s service. However, there was 
no alternative for them, and so the women had to go. 

Mr. James Sexton, the general secretary of the 
Dockers’ Union, when interviewed on the matter, 
said :—** I there will be no more attempts 
made to introduce this kind of labour at the docks 
without full consultation with the union as to the 
necessity or otherwise for such a step. The work 
is = suitable oe gee even those of = 
roughest type—while the sani arrangements, when 
the workers are of aeas com i perfectly 
abominable. The surroundings are not nice, and are far 
from being in keeping with what the average docker 
re; as decency. I do hope that we have heard 
the last of the woman docker under the existing cir- 
cumstances. 

‘* Has the union taken any official action in the 
matter ? 

** Certainly, we took prompt action. Our executive 
on Monday passed a resolution protesting against the 
introduction of female labour at the docks, and that 
resolution was sent to the Employers’ Association.” 





ROYAL METEOROLOGICAL SOCIETY. 
THE usual monthly meeting of this Society was held on 
Wednesday, the 15th inst., at the Surveyors’ Institution, 


Great aa Westminster, Major H. C. Lyons, 
D.Sc., F.R.S., President, oecupying the chair. 

Sir ae Shaw, Sc.D., F.R.S., delivered a lecture on 
**The Meteorology of the Globe in 1911,” of which the 
following is an abstract :— 

“The yeas 1911 is -— semennesel for oe Ray 
summer. correspondence in Watwre was 0 y Sir 
Edward Fry with a challenge to meteorologists to produce 
the reason for it. Then, as always, the discussion 
meandered for awhile ‘and lost itself in the desert owing 
to want of facts, not because of the lack of facts. The 
Committee of the Meteorological Office authorised the 
preparation of an annual statement of the Meteorology 
of the Globe, beginning with 1911, not only because of 
the want of facts, but as the sequel of a series of 
discussions at meetings of the Internati Meteoro- 
logical Committee and its Commissions, the Interna- 
tional Solar Commission, the International Commission 
for Maritime Meteorology and Storm Warnings, the 
International Commission for Réseau Mondial, as well 
as the Solar Physics Committee of the Board of Educa- 
tion, which, through the Sclar Physics Observatory at 
South Kensington, was concerned with the relation of 
solar and terrestrial phenomena, especially rainfall. The 
volume for that year is now nearly ready for issue. 

“Tt gives particulars of pressure, tem: ture, and 
rainfall for available stations in all of the globe at 
the rate of two stations for each 1 eg square of latitude 
and longitude. It also gives the differences from the 
normal in those cases in which normals existed or could 


be compiled. 

** The number of stations is 390 for a total of 576 squares, 
omitting the regions beyond 80 deg. north and south. 
The names of many are quite unfamiliar to the general 
reader, but the selection is interesting on account of the 
number of stations in British possessions which are for 
the first — adequately represented in a general 

logical su b 

“The values are given in absolute units for pressure 
and temperature. Positive and negative signs are there- 
fore only used to indicate differences from except 
in two cases of negative sign in the column for height, 
which indicate that the stations are below sea-level. A 
brief discussion of the meteorology of the year is based 
upon the differences from normal.” 





Tue wate Dr. P. Cuappuis.—Dr. Pierre Chappuis, 
for many years one of the best-known members of the 
Bureau International des. Poids et Mesures at Sévres, 
died at Basle, in Switzerland, on February 16, in his 
sixtieth year. He was born in Switzerland, and had 
returned to his native country when resigning his ap- 
pointment at Sévres in 1903. is post he had accepted 
in Ley or J. O. Broch was director of the bureau. 


Michelson. At the time of his death he was still engaged 
ina memoir upon his redetermination of the boiling-point 
of sulphur, one of the ae ree for high-tem 
thermometry. In Switzer 


nae agg = en woh iene 98 Sant ~ 
the British Association meeting at 
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he 
being that of his 
Chappuis attended 
Dover in 1899. He leaves many friends. 
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CHUCKS AND 


TOOLS FOR SHELL-MAKING. 


CONSTRUCTED BY MESSRS. J. AND H. McLAREN, ENGINEERS, LEEDS. 
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AMonG the many engineering firms in this country 
who have turned their attention to the production of 
war material are Mesers. J. and H. Mo n, of the 
Midland Engine Works, Leeds. As is well known, 
this firm cialises in the manufacture of steam 
ploughing-engines and other se machinery 
in normal times, whereas the whole of their machine- 
shops are now occupied in making more than forty 
different types and sizes of special chucks and other 
tools for machining high-explosive shells of 3.3-in. 
calibre and upwards. ese tools, of which we illus- 
trate a selection on the present , are adapted for 
all the various operations, from the centring of the 
forging to the completion of the shell, and the makers 
claim that their employment greatly increases pro- 
duction, so that piecework prices can be considerably 
cut down without reducing the workers’ earnings. 
We understand that the tools have been supplied in 
large numbers to most of the national shell factories, 
as well as to the large armament firms. 

Fig. 1 is a longitudinal section of an expanding 

rel, used for facing and centring shell forgings, 
one of which is shown in position on the mandrel. 
This appliance, and all others of a similar nature, is 
bolted to a special adapter flange screwed on to the 
lathe spindle. The body of the mandrel is provided 
with two sets of three hardened steel jaws a, b, which 
project slightly h slots in the body, and have 
— backs resting in corresponding grooves cut in 
cylindrical plugs c and d which are capable of slidin 
inside the body. These plugs are connected by a 
and tube, which pass through the hollow spindle of the 
lathe, toa nute. As the rod is screwed with a right- 
hand thread, and the tube with a left-hand thread, the 
effect of tightening up the nut is to pull the plug c and 














push the plug @ inwards towards the middle of the 
mandrel, and thus force the jaws radially outwards, 
so that they grip the interior of the shell forging. 
The jaws are each prevented from falling out by 4 
pair of spring buffers which are shown to a larger 
scale in Fig. 2. In the course of manufacture these 
mandrels are all tested to a limit of 0.002 in., and the 
tops of the hardened jaws are finally ground in posi- 
tion to the same limit. 

Figs. 3 and 4 are respectively a side elevation and 
plan of a blending tool for finishing the curved internal 
surface near the nose of a shell after the nose has been 
formed by a process known as ‘‘ bottling.” The shell 
forging as first produced is of the form shown on 
the mandrel in Fig. 1, and after being partially 
machined it is reheated and pressed in a bottle-sha 
die to the form illustrated in Fig. 6. This operation, 
of course, distorts the internal surface, as indicated in 
the drawing, and the tool we are now dealing with is 
used for removing the distortion and forming the 
correct curvature, the operation being known as 
**blending.” The blending process is carried out on an 
ordinary Tathe, with the tool illustrated in Figs. 3 
and 4, clamped in the slide-rest, the shell forging 
being held on the outside in another of Messrs. 
McLaren’s special chucks. The shape of the holder is 
well shown in these illustrations, and it is only 
necessary to mention that the section of the metal 
at the neck, marked X X, in Fig. 4, is of the form 
indicated by the cross-hatched portions of Figs. 5, 7, 
and 9. A suitable form-outter is clamped in the 
holder by two set-screws, and its position can be 
adjusted by two grub-screws as shown. The three 
8 in the process of blending a shell are illustrated 
in Figs. 5 to 10. The tool is first inserted through 
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the hole in the nose of the shell, as indicated in Figs. 5 
and 6, and then brought forward into the position 
shown in Figs. 7 and 8. In this position it will be 
noticed that the end of the holder and the cutter are in 
contact with the interior of the shell, and the neck of 
the holder bears against the periphery of the hole in 
the nose, so that the tool is effectively guided and 
prevented from penetrating too deeply. The tool is 
then moved to the right until a can be just 
inserted between the nose of the Salk enh the rect- 
angular part of the holder, as shown in Fig. 10, which 
indicates that the operation is finished ; the tool is 
then moved back and withdrawn. 

One of the last operations in machining a shell is 
the turning of the copper driving-band, but before it 
has reached this stage a base-plug has been fitted, so 
that the original centre in the base has been lost. It 
is therefore necessary to employ a wy ee! centre, 
and it is obviously most important for the shell to run 
absolutely true during the process of band-turning. 
To meet these conditions, Messrs. Mc have 
devised the arrangement illustrated in Fig. 11, which 
they call an ‘‘ adapter centre.” With this device it 
is necessary to rep the ordinary back centre of the 
loose headstock with a special centre a, on which the 
—_ b of the adapter is a running fit. A hardened- 
steel centre piece c is screwed into the body of 
the adapter, with a left-handed thread, for the 
centre a to bear against. The body) is also coned 
to fit a spring collet d, which is bored internally 
to take the end of the shell, as shown in Fig. 11. The 
collet is held in the body by means of three studs, one 
of which, lettered ¢, is shown in the drawing, and each 
of the studs is fitted with a small helical spring, which 
tends to force the collet-ring outwards. . To chuck a 
shell the nuts f on the studs ¢ are slacked back, so 
that the collet moves outwards and sufficiently 
to receive the shell, and after as the shell in 
place, the centre is brought ~ turning the hand- 
wheel of the loose headstock a little, so that the shell 
is held lightly between the lathe centres. The lathe is 
then set running, and the back centre slowly tightened 
up by the hand-wheel to allow the shell to find its own 
centre. After stopping the lathe, the hand-wheel is 
tightened up as much as ible to cause the collet- 
ring to grip the shell tightly, and the three nuts / 
are then tightened up, with the finger and thumb only, 
to retain the grip. After slacking back the hand- 
wheel to make the centre a proper working fit, the 
turning of the copper band can be poseeded with. 
When finished the shell is removed by first tighten- 
ing up the centre as much as ible to take the 
pressure off the nuts /, so that they oan be slackened 
easily, and then slacking back the centre with the 
hand-wheel. The object of the uence of opera- 
a shell is, as already 
mentioned, to allow the shell to centre itself, and also 
to equalise the pressure on the collet-ring ; it is hardly 
ne to point out that they take almost as long 
to explain as actually to carry out. 

Among the other tools and accessories for shell- 
making now being manufactured by Messrs. McLaren 
are a waving attachment for use on ordi screw- 
cutting lathes, a machine for ame | num and 
other marks on the bases of shells, bottling dies 
for forming shell-noses in the manner mentioned in our 
description of the blending-tool. 





Inpian Licut Rartways.—Offcial sanction has been 








granted for carrying oub surveys for a 
system of light railways or tramways branching out from 
Kalagarh into the Patli, Dun Palain, and Sonanadi 
valleys, in the jowne and nagar forest divi- 
sions. 
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KIER EXPLOSION AT BURY. 


A FORMAL investigation Ss the Board of Trade under the 
Boiler Explosions Act, 1852, has been conducted at the 
Council eon, Bury, with to the cause and 
circumstances of the explosion of a kier at the bleach 
works of Messrs. Spencer and Curedale, Limited, Bury 
Ground, Bury, on July 30, 1915, when four men were 
killed and several others injured. ; ee 

The Commissioners were Mr. F. Sims Williams, 
barrister-at-law residing), and Mr. A. J. Maginnis, 
M. Inst. C.E., M.I.M.E., consulting engineer. Mr. G. 
C. Vaux, of the Solicitors’ Department, Board of Trade, 
presented the case to the Court; Mr. C. H. Picks 
solicitor, appeared for Messrs. Spencer and Curedale an 
their workpeople, and Mr. J. W. Robson, solicitor, 
represented the British Engi Boiler and Electrical 
Insurance Company, with whom the kier was insured. 

In opening the ings, Mr. Vaux said that the 
*‘boiler” that exploded was a revolving cylindrical kier 
used for boiling cotton-waste in caustic solution for 
bleaching purposes. It was made in 1884 by James Jones, 
boiler-maker, Stockport, who had since died, and in 
November of that year it was ~~ new to Messrs. 
Hall, bleachers, of Whaley Bridge, by whom it was sold, 
in 1895, to Messrs. Spencer and Curedale, who fixed it 
at their works, and used it until the explosion occurred. 
At the time of the explosion there were two kiers in use, 
and both were insu for a poe of 20 Ib. 

r sq. in. with the British Engine, Boiler and Electrical 

nsurance Company, Limited. The kiers were described 
in the policy as ‘‘Nos. 3 and 4,” and it was No. 4 which 
formed the subject of the investigation. Mr. Vaux gave 
full details of the construction and various fittings, and said 
that the steam was generated in a Lancashire boiler, the 
safety-valves of which were loaded to a pressure of 110 1b. 
per sq. in. Prior to 1913 steam was admitted to the kiers 
through two reducing-valves, with a safety-valve loaded 
by means of a lever and weight on the reduced-steam side, 
there being a small dead-weight safety-valve on the steam- 
trunnions on each kier. In July, 1913, owing to the 
reducing-valve getting out of order, a new reducing-valve 
was obtained from Messrs. Stuart and Oo., of Belfast, in 
order to reduce the pressure from 110 Ib. to 20 lb.; the 
two old reducing-valves and the lever safety-valve were 
done away with, and the new combined safety-valve took 
their place. The reducing-valve was set by someone at 
the works to reduce the pressure to 20 lb., and, when first 
tried, Mr. Spencer, the m r, appeared to have 
satisfied himself that it was working properly. The dead- 
weight safety-valves on the kiers were retained, and no 
other alterations were made. In October, 1912, the kier 
in question was tested by hydraulic pressure to 40 Ib. by 
Messrs. Lord, boller-makers, of Bury, the test being said 
to be satisfactory. In April, 1915, the dead-weight 
safety-valve on No. 4 kier (the one which subsequently 
exploded) was said to have been overhauled and cleaned 
by workmen in the firm’s employ, and no _—< any 
importance ap) to have been done. kier was 
insured with the British Company in 1908, and Mr. Vaux 
ve full particulars as to the inspections which had 
m made by that comeuna. In September, 1913, after 
an inspection of the kiers, the insurance company wrote : 
“It is imperative that every care should be taken to 
test the combined reducing-valve, regulating the pres- 
sure from 110 Ib. to 20 lb., for should it get out of 
order, we are afraid the dead-weight safety-valve would 
not have sufficient area to prevent ressure accumu- 
lating to a dangerous degree.” On October 13, 1913, 
Messrs. Spencer and Curedale —— that they had added 
a safety-valve to the reducing-valve. In reporting on the 
inspection made in April, 1914, the insurance company 
drew attention to the be wages | of seeing » the com- 
bined reducing and safety-valve was kept in efficient 
order, and in November, 1914, attention was drawn to 
the advisability of keeping the pipe leading to the safety- 
valve clear. n June 21, 1915, Mr. Hinson, one of the 
insurance company’s inspectors, made an examination of 
the kiers, No. 4 as gat rest, -~ he — that the 
pressure-gauge on the ucing-valve on \w-pressure 
side sogitened 30 lb., and at once concluded that some- 
thing was wrong, The i company wrote to 
Messrs. Spencer and Curedale on June 29, 1915, that 
either the gevemuso-qnnge —— that and No. 4 kier 
was incorrect, or the combined “5 | and safety-valve 
needed overhauling, as a pressure of 30 Ib. was indicated 
at the time of the inspector’s visit, although the vessels 
were insured at 20 lb., and that they understood that the 
matter would have attention. New steam- were 
ordered by Mr. Spencer, bub were not deliv before 
the ye og the - Fa — orighe 
inning of July, © pipe o! C) -weight 
peo on No. 4 kier was fiten off by Howarth, the 
foreman, who appeared to have looked into it, and to 
have removed some pieces of fluff. He also pushed a 
stick up the pipe and to have come to the conclu- 
sion that it was clear. Just before the explosion ocourred 
on July 30, the steam pressure on the Lanseshize boiler 
was 106 lb. The explosion occurred at 6.30 p.m., No. 4 
kier being torn into a number of pieces, which were 
scattered about the works for varying distances up to 
150 ft. ; No. 3 kier, weighing about 7 tons, was lifted 
bodily and projected about 22 ft.; the works were 
ed, four men were killed, and fifteen more or less 
injured. 

Mr. Vaux then proceeded to call evidence, the first 
Mr. William Spencer, who said he as a 
director of Messrs. Spencer and Curedale, Limited, and 
had been connected with the firm for nearly thirty-four 

ears. He had no engineering knowledge except what 
had gathered in the business. No repairs had been 
made to the kier, and a steam pressure of 20 lb. was 
enough for their process, and there was no advantage in 





witness bein 





oe pe. They did not rely on the suniines 
ucing-valve except as a sentinel to give warning ; t 
relied on the dead-weight safety-valve. The combined 
valve had not been interfered with from the time of 
being purchased up to the time of the explosion ; he did 
not consider it necessary to overhaul it, as it seemed to 
be working allright. On the day the explosion occurred, 
witness had received no report or complaint from anyone 
as to things not going right. The loss to his firm was 
estimated at 4000/., but it would be more than that. Up 
to the time of the visit of the Board of Trade officials he 
had no idea as to the cause of the explosion. The kier 
ahh the parte emsths the squiag obey valve coteched © 
t! rts except the i ‘ety-valve attac! 

the poh a -valve. The dead: ight valve was found 
to be choked up with packing, fluff, lime, &c., and in the 
pipe which led to the valve there was a piece of packing 
about 3 in. long and 4 in. thick. The pipe leading to 
the entrance of the gauge was also cho Witness 
came to the conclusion that the explosion was caused by 
the safety-valve being choked up, and the reducing-valve 
must have ing more steam, so that the explo- 
sion was caused by owe peacnase. 

Witness was questioned by Mr. Vaux as to the reports 
from the insurance company, and said it was his duty to 
look at them and give recommendations to be attended 
to. He received the letter which stated that ‘care 
should be taken regularly to test the combined reducing- 
valve, as, should it get out of order, the dead-weight 
valve would not have sufficient area to prevent steam 
accumulating to a dangerous degree.” After the receipt 
of that letter, witness said they took special precautions 
to prevent fluff getting into the pi 

he Commissioner: ‘‘ Did you ignore the advice ?” 

Witness: ‘‘ Yes, we did not put a bigger valve on.” 
They received other warnings, and had given an order 
for new gauges. 

By Mr. Vaux: They had no one at the works with 
sufficient technical knowledge to overhaul the mountings. 

By Mr. Robson: When he received the insurance com- 
pany’s reports about the valves, he gave instructions that 
a should be kept clear. About a month before the 
explosion he got the impression for the first time that the 
pressure-gauge was working too fast. 

By Mr. Pickstone: Witness said they took means to 
prevent an explosion of the kier, as they had a dead- 
weight safety-valve, a reducing-valve, the sentinel valve, 
pressure-gauge, &c. In addition, they had the pe: 
inspection of the kier by the insurance company, and 
with all these precautions he thought they were reason- 
ably safe. The whole of the recommendations in the 
later reports by the insurance company were not carried 
out because he thought they were not necessary. He 
could not disabuse his mind of the fact that the dead- 
weight safety-valve acted successfully for many 
years. He had no reason to think it was too small. 

In reply to Mr. Maginnis, witness stated that when 
steam was shut off, the pressure in the kier would force 
water carrying fluff and packing into the safety-valve. 

Mr. J. U. Stuart, of the firm of J. C. Stuart and Co., 
Belfast, by whom the combined reducing and safety-valve 
was supplied, gave evidence, and said that it was de- 
sirable that valves should be overhauled and examined 
at least every twelve months ; any defect caused by the 
steam or the action of any chemical properties in the 
water would then be discovered. 

Mr. Herbert G. Dixon, engineer-surveyor to the Board 
of Trade, presented a report as to the cause of the ex- 
plosion, and the result of an examination he had made of 
the exploded kier. The plates showed no sign of corro- 
sion, and were practically their original thickness. He 
found the reducing valve in a defective condition, and 
it must have been leaking badly for some considerable 
time before the explosion. It might have reduced the 
pressure a little, but its condition would have allowed 
a high ssure of steam to pass Leones os The pipes 
and of the steam-pressure gauge leading to the 
reducing-valve were choked with dirt, and he did not 
think any steam could get through ; the gauge could.not 
register the correct pressure. The condition in which he 
found the valve would prevent its working, and the 1-in. 
vertical pipe leading to the dead-weight safety-valve was 
choked with dirt and packing. itness was of the 
opinion that the cause of the explosion was excessive 
steam pressure. 


Mr. John | ae oy Selrrsveres to the Board 
of Trade, confirmed the evidence of the previous witness, 
and Mr. W. H. Berry, of the boiler de ent of the 
insurance company, gave evidence with regard to the 
iene of the kier. é an dain 

\ Manning, assistant-engineer to the Briti 
Insurance er ve details of the various inspec- 
tions made of the exploded kier, and of the reports sent 
thereon. At the last thorough examination of the kier, 
made in August, 1914, the dead-weight safety-valve was 
not examined internally—that is, opened out and in- 
——; the inspector reported it as *‘in order as seen.” 

udging from the reports, the valve had not been opened 
— August, 1912, but it would have been better if it 


. Maginnis here pointed out that the proper working 
of the safety-valve was absolutely n : for the safe 
working of the kier, and the inspector should have asked 
to have had the valve opened. 

In reply, witness agreed that it only meant the un- 
screwing of three nuts; but they could not even get that 
— at holiday io. abide 

. innis said it was very vague for inspector 
to report the “‘ valve in order as seen,” because he could 
see nothing at all if it was not lo 

The Commissioner: ‘The ‘In order as seen’ 
meant that, so far as he tell without it being 
opened, it was in order ?”—‘“‘ Yes.” 


“Then you understood the inspector had not carried 
out a thorough examination of the dead-weight valve ?” 

Mr. Maginnis: “‘ You eee the risk that applied at any 
time to that kier ; it could have the full boiler ure, 
but no sufficient means to take it away.”—‘‘I under- 
stood that the safety-valve attached to the reducing- 
valve was sufficient.” 

** You regarded the dead-weight safety-valve sufficient 
to prevent an explosion ?” 

itness: ‘*I did not look upon it in that light ; I took 
it that the dead-weight safety-valve and the safety-valve 
attached to the reducing-valve were sufficient to reduce 
any undue pressure.” 

r. Maginnis: “‘In this case you have allowed a vessel 
to be —you have —— the risk—a vessel which 
ean be supplied with 110 1b. pressure of steam from a 
1}-in. pipe, with only a 1-in. safety-valve to take the 
pressure away. Now under these circumstances do you 
not consider that the accumulation would be so rapid 
that it would be impossible for the safety-valve to let 
that pressure away ?” 

Witness : ‘‘ Certainly, if it is 110 Ib.” 

Mr. Maginnis: “It isa well-known fact that reducing- 
valves, even the newest, are sometimes not reliable, so 
that had there been a 2-in. or 3-in. safety-valve, the ex- 
plosion could not have taken place?” 

Witness replied ‘‘No,” but added that safety-valves 
were usually placed on the low-pressure side of the re- 
ducing valve. 

The Commissioner : ‘‘ You agree that the dead-weight 
valve was not adequate?” 

Witness: ‘‘ I quite agree with that.” 

Mr. Maginnis asked when it was reported that the 
gauge showed 30 lb. working pressure. itness did not 
ap to have inquired what the safety-valve was doing. 

itness replied that he was informed that the valve 
was not blowing off, and this made him think himself 
that the gauge was wrong. On examination, it was 
= that a Soa = _ out of — 

ith regard to the packing found in the pipe, it would 
be squeezed out when the pipe was screwed up, and pieces 
would be carried by steam or water to where it was 
found. 

By Mr. Vaux: Witness knew that the dead-weight 
valve had a diameter of 1,; in., but he did not know that 
the safety-valve attached to the reducing-valve was only 
jin. or he would not have passed it. He was misled by 

. Mason, the inspector, stating that the valve was 
sufficient to take any undue pressure. 

Mr. J. J. McGough, formerly inspector with the insur- 
ance company for over thirty years, who said he retired 
on pension in January, 1915, gave evidence as to examina- 
tions he had made of the exploded kier. It was not an 
inspector’s duty to take valves to pieces, but to ask for 
this to be done. 

The Commissioner inquired why witness did not state 
in his report that the valve had not been opened for his 
inspection. 

itness replied that the statement, ‘‘in order as seen, 
was understood at the office to mean that a thorough 
examination had not been made. The opening of valves 
was not such an easy matter as was supposed, especially 
when a ladder had to be used to get to them. He made 
his last report in January, 1915, when he was quite eatis- 
fied with the dead-weight safety-valve. He never saw 
the dead-weight valve opened out after August 12, 1912. 

Practically between two and three days were occupied 
by taking evidence from various men in the employ of 

essrs. Spencer and Curedale, after which Mr. Charles 
E. Mason, boiler = poy for the insurance company, 
was called, and sta’ he had been in the employment 
of the firm for about sixteen years. He made a thorough 
examination of the boiler and kiers at Messrs. Spencer 
and OCuredale’s works in August, 1913, and gave in detail 
particulars of his practice when making i tions, and 
of what constituted a thorough examination. If the 

ilers were at rest and the mountings not opened up, 
he would take what the persons in c' stated as to 
their condition, and would report that the examination 
had been made ‘‘as far as practicable.” When he visited 
Messrs. Spencer and Curedale’s works he examined 
No. 4 kier, and his report thereon stated ‘examined 
fully as far as practicable.” He examined the kier at 
rest, but the fittings were not opened up for inspection. 
He stated in his report that he was told that the safety- 
valve was in order by a man who said it had recently 
been taken off and cleaned ; the man might have been 4 
labourer. 

The Commissioner : ‘‘ Were you sent there to get infor- 
mation from a labourer?”—‘*T6 get information from 
anyone I could.” , 

** But a gentleman of your experience is not sent to get 
information ; you are intended to make an examination.” 
—*‘I am certainly not intended to take off safety-valves.” 

**You stated as a fact that the safety-valve was in 
order ?”—‘‘ As far as I could see.” 

**But you did not state ‘as seen;’ you could not see 
anything. The words ‘in order’ simply meant somebody 
said it was?” —‘‘ Yes.” 


**Then your or we Aye a sagen to the firm stating 
it is in order ?”—‘‘ I take it that they do.” 5 

** You say in your re} that there is no ‘dead-weight 
safety-valve ;’ 


© spring a on the reducing- 
valve prevents undue pressure being obtained. You are 
satisfied now that the ment was not safe?”— 
“* Yes ; but I would like to add that if there had been no 
choking of the pipe there would have been no explosion.’ 
The Commissioner remarked that, according to the 
company’s repert form, there were three kinds of exam1- 
nation—‘“‘ internal,” ‘‘ thorough,” and ‘“‘as far as prac- 
ticable.” They were, he thought, very qualified words. 
Mr. J. ©. another inspector 





. to the British 
Insurance Company, gave particulars of an examination 
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he had made of the kier in June, 1915, when the 
showed 30 1b. pressure,’and he called the attention of the 
attendant to it, remarking that either the valve or the 
gauge was out of order. itness the condition 
of the gauge, and that the foreman told him that a new 
one was to be fitted. The safety-valve was insufficient, 
and the safety of the kier depended on the proper work- 
ing of the reducing-valve. 

Mr. H. G. Dixon, engineer-surveyor to the Board of 
Trade, at this point gave particulars of some series of 
tests he had made of the soemare gene. and further 
dealt with the ye of stoppage of the valve being due 
to dirt carried by the steam through the reducing-valve 
and settling in the syphon-pipe. 

This concluded the evidence, and Mr. Vaux handed in 
a list of ee on which he asked the judgment of the 
Court, after which Mr. Robson and Mr. Pickstone ad- 
dressed the Court at considerable length on behalf of 
theirclients. Mr. vg ee ag ee out, as representing 
Messrs. Spencer and Curedale, that monetary considera- 
tions were nothing in such a case as this. It was a most 
lamentable occurrence to happen to a firm after years of 
security, and he felt reluctant, in the face of the loss of 
several lives and injuries to other persons, to say any- 
thing on that point ; but he submitted he was entitled to 
claim some consideration, as the loss of the firm had been 
4000/., towards which they received 1000/. from the 
British Insurance Company. Further, they had also had 
to provide temporarily 1500/. or 1600. towards help in 
the case of those killed and injured pending certain 
negotiations. 

fr. Vaux, on behalf of the Board of Trade, said it was 
quite obvious that the explosion was not an accident, 
but it could and ought to have been prevented. He 
thought it was admitted that the explosion was brought 
about by the kier being subjected to a very much higher 
ressure of steam than it was constructed to withstand. 
t was, he thought, proved conclusively—admitted, 
really—that at the time of the explosion, the dead-weight 
safety-valve was practically choked up, and the steam- 
gauge was in the same condition; the steam-gauge and 
reducing-valve were not working properly, and the 
sentinel valve was inoperative. e steam-gauge was 
out of order six weeks before the explosion, and the de- 
fective condition of the reducing-valve, as it was produced 
to the Commission, he thought conclusively showed that 
it must have been quite out of order a long time before 
the explosion. 

On the eighth day of the proceedings, the er we | 
Commissioner gave judgment at great length and poin 
out that there was no one employed at the works with 
technical knowledge who could overhaul the reducing- 
valve or the pressure-gauge. He then dealt with the 
reports of the insurance company and pointed out that 
they stated it was not of their duty to examine the 
inside of the valves. e reducing-valve was looked upon 
apparently as an ornament and not for use by the men 
employed at the works. The reducing-valve was wholly 
ineffective, while, as to the pressure gauge and syphon- 
pipe, the pipe and cock were choked solid with dirt. The 
explosion was caused, the presiding Commissioner said, 
by over-pressure of steam in the kier, and that two 
factors contributed to the explosion :— 

1. The absence of any safety-valve of sufficient area to 
relieve the over-pressure ; an 

2. The dead-weight safety-valve and the 1-in. pipe were 
practically choked at the time of the explosion. 

The tests made by Mr. Dixon, Board of Trade sur- 
veyor, and others showed that the pressure gauge was 
out of order, unreliable, and therefore of no assistance 
whatever to the men who looked at it. 

The Commissioner then dealt with and replied to 
several questions submitted to the Court by . Vaux 
as to the aes of the fittings, the unsatisfactory 
inspection which had been made of the — and the 
fact that Messrs. Spencer and Curedale had not taken 
measures to ensure that the kier was worked under safe 
conditions. 

The Court held that Messrs. Spencer and Curedale, 
Limited, and Mr. Spencer, the manager, were to blame 
for the explosion. e Commissioner thought, further, 
that whatever was the legal relationship between the 
insurance company and the owners, the latter relied on 
the inspectors and the reports of the company. As to 
Messrs. McGough, Wolstenholme and Hinson, the in- 
spectors, they were not, any of them, in the Commis- 
sioners’ judgment, to blame. As to the insurance com- 
pany: and Mr. Mason, their inspector, they judged them 
to blame for the explosion. The company was aware that 
the area of the dead-weight valve was not sufficient to 
relieve the kier of excessive pressure, and, in the Com- 
missioners’ opinion, the diminutive size of that valve 
was one of the factors that contributed to the explosion. 
After dealing with the evidence of Mr. Mason, the Com- 
missioner said that the Court considered that when the 
insurance company was informed by their inspector that 
the spring —— on the reducing-valve prevented 
undue pressure should have ascertained the diameter 
of the valve; but company did not ascertain that the 
so-called safety-valve was only a }-in. sentinel-valve, 
until after the explosion. In the Commissioners’ opinion, 
if there had been a safety-valve, or valves of adequate 
area, that explosion would have been averted. The Com- 
missioner said he wished to point out that the insurance 
company and their officials had given the owners and the 
Court every possible assistance with a view to ascertain- 
ing the true cause of the ees, and without in 
any way seeking, as was so often done, to avoid lia- 
bility, while they had also paid the owners’ loss under the 

ic 


ry. 

As a result of that explosion four men had, unfortu- 
nately, been killed and fifteen others more or lees injured. 
The Act of Parliament gave that Court complete y te 





tion over the costs of the inquiry, and in all the circum- 


stances they thought the justice of the case would be met| the 


by ordering Mr. Mason to 


) y to the Board of Trade 101., 
insurance —, 1 


-» and the owners 50/. towards 
the expenses of that inquiry, and the order of the Court 
was to that effect. 


Commissioner said that they were very grateful 
for the help that Messrs. Spencer and Manning had 
rendered at the preliminary inquiry, and that he also 
wished to express their thanks to the learned gentlemen 
who had appeared for the various parties and the Board 
of Trade, and also to the two Board of Trade surveyors 
for their assistance during the inquiry, and for the excel- 
lent plans Mr. Dixon bad prepared. 

In conclusion, the Commissioner expressed the great 
sympathy of the Court with the injured, and the rela- 
tives of those who were unfortunately killed by that 
explosion. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below a few data on several colonial and | ; 


pw —— ee! projects, taken from the Board of 
T: Journal. Further information on these projects 
can be obtained from the Commercial Intelligence Branch, 


Board of Trade, 73, Basinghall-street, London, E.O. 

New Zealand : The officeof H.M. Trade Commissioner 
in New Zealand has forwarded ticulars in connection 
with a call for tenders by the Wanganui 
Council for the supply, delivery, and erection of addi- 
tional plant at the Tramway Power House, Wanganui, 
including pressure type gas- ucer plant, gas-engine, 
electric generator switch-gear. led tenders, on 
the proper form, will be received by the Town Clerk u 


_ | 0 noon on May 9, and should be accompanied by a cas 


deposit or a marked eheque for 250/. 


Australia : The Sydney office of H.M. Trade Commis- 
sioner in Australia has forwarded a copy of the specifica- 
tion and tender form in connection with a call for tenders 
by the New South Wales Government railways and tram- 
a as follows :—Sealed tenders, on the proper forms, 
wil ‘te received up to noon on April 26, by the Chief 
Commissioner for Railways and Tramwa: Phillip- 
street, Sydney, N.S.W., for th wpnty om delivery at 
the Ultimo Power House, N.S. of “oo 
steam-valves (Specification No. 475). The mmer- 
cial Intelligence Branch is in receipt of an official state- 
ment giving details of items authorised by the South 
Australian Public Pu Loan Bill, 1915, which pro- 
vides for a total expenditure of 9,266,500/.; the following 
particulars of special interest are extracted therefrom :— 
Railways: £ 

Rolling-stock, locomotives, machi- 
— appliances for locomotive 
or: 


workshops, accommodation, line 
alterations, &c. oa ores ad 1,584,700 
Railway construction ... 1,962,000 
Harbours : 
Deepening and improvement of 
harbours at Port Adelaide, Port 
Pirie, and at outports en as 272,000 
Murray River improvements 500,000 
Water - a Works in districts of 
Adelaide, Baroota, Country, Beet- 
aloo, Bundaleer, Barossa, Mill- 
brook, Warren, and Pekina Creek 1,465,000 
Drainage works in south-eastern dis- 
trict... ie ots et o 390,000 
Adelaide sewers 200,000 
Jetties and lighthouses 42,000 
Buildings : 
Erection of school- houses 140,000 
Police ‘a ea 000 
Explosives magazines... 2,000 
Produce stores ... 20,000 
The Magill Home 52,000 
Roads ... ee a 173,000 
Miscellaneous works : 
Irrigation and reclamation of swamp 
Advances to settlers’ and homes’ 
funds ... ain ae ot mn 600,000 
Sheds and tanks for settlers... 25,000 


Spain: The British Vice-Consul at Granada reports 
that a new road will shortly be constructed, crossing the 
Sierra Nevada at an altitude of nearly 10,000 ft., and 
descending into the Alpujarras district, placing many 
villages within easy access of the capital of the Province. 
The Government has granted 2,000,000 pesetas (about 
80,0007.) for this undertaking. The Socié:é des Mines 
et Hautes Fourneaux has commenced work on the narrow 
gauge railway to connect Motril and iva. It is con 
sidered probable that when this railway is completed the 
tramway company at Granada will open a new tramway 
line between a and Orgiva, so bringing the port 
of Motril within easy reach of Granada. 

Brazil: The Diario Official, Rio de Janeiro, publishes 
a Decree (No. 11,920) approving the plans for the con- 
struction of the last section of the -Macau branch 
of the Rio Grande do Norte Cen Railway. ‘The 
length of this section is approximately 514 km. (about 32 
miles), and the estimated cost of the undertaking is 
2,667,317 milreis (about 133,300/. at current rate of 
exchange). 


Argentina: The Boletin Oficial, Buenos Aires, notifies 
that tenders are invited by the Irrigation Department 
the Argentine Ministry of Public Works for the supply 
of a metal bridge, 125 metres in length, in nine sections. 





Tenders will be received up to 3.30 p.m. on April 3 at 
Direccién General de I ida (Oficina de Compras), 
Calle Belgrano, 124, Buenos Ai Local representation 
is necessary. 
Chile : The Diario Oficial, Santi publishes a Decree, 
dated November 17, granting +o Sees. Gibbs and Co. 
ission to construct a wharf at the port of Mejillones 
or the loading and unloading of nitrate and coal. Wit! 
six months ~y ° the mY hey wee a ae 
must present for approval to vernmen J 
estimates relative to the projected works. Constructional 
work must be commenced within six months of the ap- 
proval of ay and completed within a period of 
two years. e Diario also contains a Decree, dated 
November 19, conceding to Don Horacio Urrutia Gundian 
ission to establish a telephone system connecting 
barbala, to the north, with Illapel, Los Vilos, Sala- 
manca and Petorca, in the south. Work must be com- 
menced within a i. of eight months from the date 
of the Decree. further Decree, dated November 26, 
was published in the Diario, gran @ concession 
to Eduardo Germain for the construction and work- 
ing, for a period of sixty years, of a railway between 
Palo de Luma and the Los Hulmos Estate, in the Pro- 
vince of Valdivia. The gauge of this line will be 60om., 
and its length about 14 km. (84 miles). Definite plans 
and estimates of construction are to be submitted for the 
approval of the Government within a period of ten 
months from the date of the Decree. Construction work 
must be commenced within six months, and completed 
within two years, from the date of the approval of the 
The Diario publishes a law en 
ilean Government to contract loans with banks in 
Santiago up to the amount of 1,500,000 pesos (about 
51,5001.) for the execution of street-paving works in that 
city. Diario further published a Decree, dated 
December 21, authorisi fiores Federico Gordtzen 
and Rafael Garcia Huidobro to utilise the waters of the 
Rio Coquimbo, at the rate of 7500 litres per second, for 
irrigation purposes in the Department of Serena. The 
concessionaires must t) of the necessary 
caval, &c., works within a year from the date of the 
Decree. 





Geeman Ison Export To ScANDINAVIA.—As soon as 
it became known that the prices of German iron ex- 
ported to the Scandinavian countries would have to be 
raised, the three Scandinavian countries took joint action. 
An application has been forwarded to the German Steel 
Union, which controls the export to the Scandinavian 
countries, urging the Steel Union not to use the new 

lations as a means of cancelling or in other directions 
failing to carry out the current contracts. In the mean- 
time the Danish engineering firms advertise that they 
have been compelled to raise their prices. 


Tue CUMBERLAND Process OF PREVENTING OoRRO- 
stion.—A paper recently read by Mr. J. F. Peter, at 
a meeting of the Institute of Marine Engineers, contains 
some interesting information on the Cumberland process 
of preventin, corrosion of boilers, condensers, and 
other metallic vessels and structures in contact with 
water or other corrosive liquids. The process has been 
referred to on several occasions in our columns, and is 
now being extensively adopted in this country, so that it 
will probably be familiar to most neers. We may, 
however, mention that the principle upon which it 
depends for its action is the application of an electro- 
motive force to overcome those produced by two dis- 
similar metals, or the same metal in different conditions, 
in contact with an electrolyte. This is accomplished by 
fitting one or more iron electrodes into the vessel to be 
—— and connecting them o the positive pole of a 
small dynamo, generating a continuous current at a - 
sure of about 8 volts. The iron el es are insulated 
from the vessel, to which the negative pole of the dynamo 
ie electrically connected, so that a current flows from 
the iron electrode to the walls of the vessel while the 
apparatus is in use. This has the effect of confining 

e@ corrosion entirely to the iron electrodes, which are 
gradually eaten away, but which can be replaced at 
a trifling cost. The current is regulated by resistances 
and measured by an ammeter. In the case of boilers it 
has been found that the system not only prevents corro- 
sion, but also prevents the formation of and removes 
any old-standing scale which may have been deposited 
before the apparatus was . The current neces- 
sary to afford complete protection in the case of a con- 
denser is about 1 ampere for each 500 sq. ft. of cooling 
surface, so that a condenser with 6000 sq. ft. of surface 
would require a current of 12 amperes. The energy 
required at 8 volts would therefore be 96 watts, and the 
cost'at 4d. per kw.-hour would be 36s. per annum, running 
continuously. Six cast-iron each weighing 
20 Ib., would be used in such a condenser, and these 
would have to be renewed once a year, at a cost of about 
15s. In boilers where the question of scale formation 
has to be considered a rather heavier current is neces- 
sary, and for ordinary marine boilers about 1 ampere is 
usually allowed to each 300 sq. ft. of heating surface. If 
corrosion only has to be guarded against, a smaller cur- 
rent density can be used. A case is mentioned of a vessel 
having twelve Yarrow boilers, each with 4125 sq. ft. of 
heating surface, which it was ae Serene erate be 
completely protected from corrosion, kept quite free 
from scale, with a current of her wont wel ery though 
when installing the system it had decided to supply 
14 amperes per boiler. The electrodes in each of 
boilers consisted of two 7-ft. lengths of 3 in. by ? in. bar 
iron fitted in the steam-drumjoint below the water-level 
their life will be considerably than two years. 
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CATALOGUES. 


Driving-Chains.—We have received from ‘‘ The Coven- 
try” Ohain Company, Limited, of Spon End, Coventry, 
a pamphlet giving prices and full particulars of noiseless, 
celles, and block chains for motor-cycles, cycles, lawn- 
mowers, magnetos, &c. 

Ventilators.—A leaflet to hand from Messrs. Robert 
Boyle and Son, of 64, Holborn Viaduct, E.C., deals 
with the use of their well-known ‘‘air-pump” venti- 
lators for the ventilation of kinema h theatres. 
The ventilators are used to extract foul air from the roof 
of the building, and fresh air is admitted through 
numerous small openings distributed around the walls at 
about the level of the heads of the patrons, With this 
arrangement it is claimed that efficient ventilation is 
secured with the complete absence of draughts. It is also 
pointed out that the system is a natural one, which is 


always in operation, and that there are no moving parts plan 


to get out of order or require attention. 


Asbestos Goods and Belting.—Messrs. Turner Brothers, 
Limited, of Rochdale, have issued a phlet in which 
are reproduced a series of full-page advertisements that 
have appeared in the daily Press, with a view to bringing 
the firm’s products to the notice of merchants, agents, 
and others. The series was inaugurated with a fine pen- 
and-ink drawing by Bernard Partridge, symbolising the 
protection afforded by abestos against the elements, and 
this was followed by others relating to asbestos-cement 
building-sheets and roofing-tiles, and hair and balata 
belting. Other products of the firm include engine- 

kings and jointing - sheets, insulating materials for 
ilers and steam-pipes, asbestos goods for chemical and 
electrical work, for water filtration, and for many other 
urposes. The are manufactured entirely at the 
Eras works at hdale and Trafford Park. 


Paints, Vurnishes, &:c.—Messrs. Wilkinson, Heywood, 

— Clark, ee Caledonian Works, ge * 
ave sent us & pamp giving some particu of the 

various paints, enamels, varniahes, lacquers, &c., they 
supply to meet the uirements of Government con- 
tractors. The firm’s products are used for coating 
aeroplanes, gun-carriages and ordnance, machine-tools, 
scientific instruments, motor-cycles, &c., as well as in 
marine, electrical, and hospital work, and the pamphlet 
is divided into sections devoted to the respective 
requirements of each trade. Another pamphlet from 
the firm contains some valuable notes on finishing shells 
by painting and varnishing them, and illustrates methods 
by which the work can greatly expedited. In this 
respect the firm claim to hold a unique position, owing to 
their long experience in the manufacture of shell- varnishes, 
and to the fact that they are themselves engaged on the 
manufacture of shells. 

Metal-Filament Lamps.—A price-list of ‘‘ Royal Edi- 
swan ” drawn-wire-filament lamps has been issued by the 
Edison and Swan United Electric Light Company, 
Limited, of Ponders End, Middlesex. In addition to the 
more — patterns, the list includes a and 

ps, hi rs) 


fancy lam gh-candle-power lamps, tubular and olive- 
shaped lamps, and a series of lamps in which the filaments 
are Goniguet te deliver the maximum light in a downward 


direction. These lamps are made with a separate re- 
flector of — which fits closely round the er 
part of the p, and is secured by a metal sleeve. It is 
pointed out that the reflectors, while concentrating most 
of the light vertically downwards, allow sufficient hight to 
be emitted in other directions to give a reasonable illumi- 
nation all round the a. Prices are also stated for 
half watt gas-filled lamps for which an average life of 800 
to 1000 hours is claimed. We notice that these lamps 
are now listed for 60 to 1500 watts for use on 100 to 130- 
volt circuits, and for 100 to 1500 watts for 200 to 255-volt 
circuits. All the lamps dealt with are manufactured 
entirely in this country. 


Mine Gas-Detector.—A leaflet to hand from the General 
Electric Company, Limited, of 67, Queen Victoria-street, 
E.C., relates to a portable mine nate peed manvfac- 
tured by them under Philip and Steele’s patent. The 
apparatus, which is all contained in a strong box, weigh- 
ing about 13 lb., shows by the movement of a pointer 
over a scale the percentage of fire-damp present in any 
part of a mine, a determination taking less than 
15 seconds and being accarate to within 0,03 per cent. 
Two forms are ie: one with a scale graduated from 
0 to 3 per cent. of fire-damp, and designed for use in 
collieries using eafety-lamps ; and the other graduated up 
to 1.5 per cent., and Spealalier intended for use in collieries 
in which naked lights are permitted. The latter form 
has been designed to give ey ey ings between 
0 and 1 per cent. of gas, but both can be with per- 
fect safety in the most fiery mines. With these detectors 
a sample of air can easily taken from a crevice, or 
other more or less inaccessible point, the air being drawn 


through a flexible tube by means of a hand-pump. The | W8gons 


leaflet gives no explanation of the principle upon which 
the apparatus depends for its action. 

Turbine-Driven Centrifugal Pwmps.—Messrs. Willans 
and Robinson, Limited, of Victoria Works, Rugby, have 


sent us a pamphlet relating to turbine-driven centrifugal 
pumps specially intended or marine work, such as bilge- 
mping, ballast-pumping, or salvage, but capable of 


ing used for many purposes on land. The sets com- 
ise a single-wheel impulse turbine direct cou toa 
igh-speed pump, the turbine disc and pump-impeller 
overhan; - b~ opposite ends of a shaft supported in two 
feng ond substantial intermediate bearings. beari 
are carried in a cast-iron lestal, to which the pum 
and turbine - casings are bolted, and which is itself 
mounted directly on the foundation block or girders 


ings | Md., U.S.A. 


carrying the weight of the set. At present two standard 
sizes are stocked, having normal outputs of 1600 and 2400 

lions per minute against a total manometric head of 
Bo ft. when running at 2000 revolutions per minute. The 
steam and water connections can be varied to suit almost 
any arrangement of piping. The pam t illustrates 
and fully ibes the construction of steam and 
water ends, and also gives weights and general dimen- 
sions of the standard sizes ; other sizes can, however, be 
supplied. 

Iron and Steel Works Plant and Structwral Steel Work. 
—Messrs. Ashmore, Benson, Pease and Co., Limited, of 
Stockton-on-Tees, have issued a catalogue illustrating ex- 
amples of their work. The first section of the catalogue 
includes illustrations of blast-furnaces and accessories, such 
as Cowper stoves, hot-blast mains, gas-mains, tar-washers, 
charging-hoists, &c., while the next section deals with 
coke-ovens and by-product recovery plant, tar-distilling 
ts, coke-quenching machines, and other plant for use 
In connection with coke-oven installations. remainder 
of the catalogue is devoted to general constructional work, 
and shows examples of large riveted steel pipes and cul- 
verts, light bridges, cast-iron and steel tanks, steel-framed 
buildings, roofs, chimneys, coal-bunkers, grain-silos, pit- 
head gears, gas- ucer plants, gas - holders, buoys, 
Forter valves for reversing regenerative furnaces, ingot- 
moulds for steel works, and vessels constructed of acid- 
resisting cast-iron for chemical works. The illustrations, 
most of which are reproduced from ape pe pom are only 
intended to give a general idea of the class of work under- 
taken by the firm ; 1t has not been found possible to show 
examples of all their productions. 


Pile-Driving Hammers.—A booklet relating to the 
McKiernan-Terry pile-driving hammers has come to hand 
from the British Steel Piling Company, of Dock Houee, 
Billiver-street, E.C. These hammers can be operated 
either by steam or compressed air without any alteration 
or adjustment, and have iy ! two moving parts—the 
valve and the piston, which delivers the blow on to the 
= through the medium of an anvil block. The latter 

‘orms part of the hammer and is inserted between the 

iston and the pile to protect the ends of the latter from 
Scania. Driving-frames are quite unnecessary with the 
smaller sizes, and need not be used with the r sizes, 
as the hammers can be operated when suspended from 
@ crane or sheer-] the air or steam being supplied by 
a flexible hose. The hammers will work under water, and 
can be inverted and used for extracting piles without 
any alteration. They are listed in seven sizes, the 
smallest of which hasa piston weighing 21 Ib., and giving 
500 blows per minute, while in the largest the piston weighs 
1250 Ib. and delivers 200 blows per minute. The larger 
sizes may be used to drive the heaviest steel-sheet piling 
ae lengths of the heaviest ferro-concrete or timber 
P 

Drawing and Surveying Instruments and Materials. 
—Messrs. A. G. Thornton, Limited, of Paragon Works, 
King-street West, Manchester, have recently issued a 
new edition of their catalogue of —— surveying 
instruments and drawing-office supplies. This catalogue, 
which is exceptionally complete, contains nearly 450 

and over 1000 illustrations. It includes sections 
ealing with all kinds of drawing instruments, both loose 
and in cases ; surveyipg instruments, such as theodolites, 
tacheometers, levels and accessories, chains, tapes, plani- 
meters, clinometers, &c. ; drawing-office requisites, such 
as drawing - tables, filing - cabinets, drawing - boards, 
T -squares, set-squares, and curves; and photo-printing 
machines and sundries of all descriptions. Other sections 
are devoted to drawing-papers, tracing-papers and cloths, 
sectional papers, &c.; slide-rules, pocket-rules and 
scales; inks and colours, pencils and rubbers, stencil- 
plates, &c.; sketch-books, level and field books, and books 
and pads of sectional paper. The firm have also issued 
a pocket-catalogue containing a selection of instruments 
and materials suitable for draughtsmen and students. 
Surveying instruments, which occupy approximately one- 
third of the larger catalogue, are not included in the 
pocket edition. 


Earth-Grading Machines and Penge ons. — A 
catalcgue to hand from the Western W eeled Scraper 
Company, of Aurora, Illinois, U.S.A., _— some par- 
ticulars of their earth-grading machines fitted with spoil- 
elevators, and illustrates the application of these machines 
to the construction of roads, railways, embankments, 
ditches, canals, &c. The machines consist of a special form 
of plough attached to a strong frame built up of rolled- 
steel sections, and mounted on four steel wheels. The 
earth dug SS the plough is delivered on to a band- 
conveyor pla at right angles to the length of the 
machine, and is either dropped into a wagon travelli 
beside the machine or allowed to fall on to the groun 
again, according to the nature of the work in hand. The 
machines may be drawn by a team of horses or by any 
form of mechanical haulage. 
for transporting the material excavated by the 
grading-machines, or by any other means, are made by 
the company, and partic of these will be found in 
this catalogue. Another catalogue received from this 
company, and printed in F , gives particulars of 
railway dumping-cars, ploughs, earth-spreaders, road- 
scraping machines, and rock-breakers, as well as of the 

ing-machines and dumping-wagons above referred to. 


Speed-Reduction Gears.—Particulars of speed-reduction 
gears for use with steam-turbines, electric motors, and 
other apeet machinery, have reached us from the 
Turbo Gear y, of Industrial Building, Baltimore, 

gears, which ate of the od 
type and have machine-cut double-helical teeth, com- 
prise a pinion gearing with three + wheels, which all 





engage with, and are surrounded by, an internally-geared 


Special forms of dumping- | T®SP© 


ring. The pinion is of chrome-vanadium steel, and is cut 
integrally with the high-speed shaft, and the planet 
wheels, which are of oe pee are mounted on 
steel shafts keyed to as casting, which forms the low- 
speed member, and carries the low-speed shaft. The 
low-speed shaft is in axial alignment with the high-speed 
shaft, a feature which facilitates erection, and gives the 

@ symmetrical ee ae The low-s member 
is mounted on two ball-bearings supported by a cast-iron 
housing, which totally encloses the whole of the gearing, 
and the —_ shaft and pinion is also supported 
directly by the housing, independently of the low-speed 
member ; the housing, it should be mentioned, is split 
horizontally to give easy access to the gearing. he 
bearings of the high-s shaft have forced-feed lubrica- 
tion, and are also provided with ring-oilers to prevent 
damage in case of failure of the forced-lubrication system. 
Oil for the gears is a through a passage in the high- 
speed t to radial holes in the pinion, and delivered 
from them in a continuous stream on to the teeth of the 
gears. The bearings for the planet wheels are lubricated 
with the superfluous oil from the high-speed bearings, 
this oil being collected by a centrifugal ring and delivered 
through ages in the shafts carrying the wheels. The 
oil from the and bearings drains back to a reservoir 
in the base of the housing, and is there strained and cooled 
before returning to the oil-pump. It is claimed that this 
system of lubrication gives much better results than run- 
ning the gears in a bath of oil. The gears are listed with 
speed ratios ranging in small steps from 4.88 : 1 to 16:1, 
and for speeds ranging from 1000 to 6000 revolutions per 
minute of the high-speed shaft. Their efficiency is 
guaranteed by the makers to be not less than 95 per cent. 
at full load, and it is claimed that efficiencies of 98 per 
cent. and 99 per cent. have been recorded on tests. r. 
F. A. Yerbury, of Broadway-court, Westminster, 8.W., 
e. wae sole agent for the gears in Great Britain and the 

onies. 





Inpian Rartway Imports,—The value of the im 
of railway plant and rolling-stock into British 
in the ten years ended wit 


rts 
ndia 
1914, inclusive, was as 


annexed :— 
Year. Value. Year. Value. 
& £ 

1905 . 939,772 1910 3,627,064 
1906 . 1,081,745 1911 2,830,221 
1907 . 2,772,260 1912 2,957,970 
1908 . 4,800,550 1913 4,208,598 
1909 . 4,946,600 1914 6,689,794 


It will be observed that the aggregate value for the first 
five years was 14,540,927/.; and for the second half of the 
decade 20,313,647/., so that Indian railways have been in- 


creasingly valuable sources of employment to British 
indus To the 6,689,794/. representing the value of 
the imports in 1914 the United Kingdom contributed 


6,219,223/., and Australia 194,820/., the final balance of 
275,7511. being represented by deliveries from other 
countries. 





Macuingery TRADE or New Zgatanp In 1914.—Mr. 
W. G. Wickham, late H.M. Trade Commissioner for 
New Zealand, now H.M. Trade Commissioner for South 
Africa, has furnished to the Board of Trade Journal 

culars relative to imports of machinery into New 

nd in 1914 :—Of the total value of the imports of 
machinery into New Zealand in 1914, about one-half 
paid duty under the preferential tariff. The electrical 
machinery and cables imported are almost entirely for 
lighting, telegraph, and telephone purposes. Of the 
imports of internal-combustion engi more than half 
are for motor-cycles and motor-boats. Taking the items 
which come under the preferential tariff, such com- 
tition as there was in steam-engines was American. 

Most of this is accounted for under the heading ‘‘locomo- 
tives.” The heading ‘internal-combustion engines” has 
been divided, and shows separately the engines for motor- 
cycles, which were almost entirely British. The other 
group included all the stationary engines, as well as those 
or motor-boats. Thelatter were almost all supplied from 
America. Apparently United Kingdom manufacturers 
have hitherto not been disposed to take up either the manu- 
facture or the sale of these motor-boat engines very seri- 
ously, when they had the assistance of a preferential duty 
of 20 per cent. against American engines ; and, as the pre- 
ference has now been reduced to 10 per cent., it seems un- 
likely that they will do better in future. In the groups of 
machinery where competition is open, and no prefer- 
ential duties apply, the United Kingdom made a poor 
show in 1914. Office requisites—i.e., typewriters, cal- 
culating hines, and cash-registers—were all American, 
with the exception of 3000/. worth of typewriters. As 
regards knitting and a Germany was 
the only competitor with the United Kingdom with 
ct to the former. In sewing-machines, however, the 
United States did three-fourths of the trade, and the 
other quarter was divided equally between the United 
Kingdom and Germany. A parallel case is to be found 
in type-setting and casting-machines, which are specifi- 
cally exempted from the preferential duty to which all 
other printing machinery is liable. As a result, though 
the whole of this machinery might easily be supplied 
from British works, in 1914 only 3000/, worth came from 
the United Kingdom, as t 13,0002. worth from 
America. Telephones in the past provided a similar 
instance of goods being consistently supplied to the New 
Zealand market from foreign works when they might 
easily have been supplied from works in the United King- 
dom. Of machine-tools the United Kingdom supplied 
nearly two-thirds; the remainder was by the 
United States and Germany, the latter country being 








credited with 5 per cent, 
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accommodate th: heel ndle. 
‘“‘ENGINEERING” ILLUSTRATED PATENT| GAS-ENGINES, PRODUCERS, HOLDERS, &o. | Sxtending forwardly from the prank-case a nnd which mer ba 
RECORD ae, F. B. and Rolls Royce, Limi hollow and ae constitute a silencing-chamber for the engine, 
° Derby. Internal - ibustion Engines. (2 Figs. is advantag: ly furnished with « lug, fixture, or the like, n, by 
ABSTRACTS OF RECENT PUBLISHED SPEOIFI- | September 25, 1915.—This invention relates to an nee which it may be clipped to side stay of the cycle frame at « 


OATIONS UNDER THE AOT OF 1907. 
Where inventions are communicated abroad, the Names, &c., 
of the v are given in italics. 
Copies obtained at the Patent Office, Sales 
ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 


, at time within two months from date of 
advertioom of « Complete 
| 2 Ne preg ne ‘atent of te the grant of a 
‘atent on any of the grounds ment in the Act. 


ELECTRICAL APPARATUS. 


22,554/14. British Insulated and Helsby Cables, 
Limited, Prescot, W. P. Fuller, Chester, and H. H. 
Harrison, London. Duplex Telephony. [8 Figs.) Nov- 
ember 14, 1914.—This invention relates to an improvement in the 
art of duplex telephony, and contemplates an improved construc- 
tion of Pupin coil. It is endosteal that when Pupin coils are 
employed for the simultaneous loading of phantom and physical 
circuits the phantom circuit-loading coils must be non-inductive 
to the currents from the physical circuits, while the physical 
circuit-loading coils must be non-inductive to the tom cur- 
rents, while each set of coils must be fully inductive to the 
circuit to which it is applied for se It is also 
understood that the system of winding a must be such 
as to secure a balanced action, as otherwise, with the ring type of 
core used, poles will be produced, giving rise to —_ fields, which 
set up eddy-currents and lead to loss of energy by ncreasing the 
damping of the circuit, In accordance with the present invention, 
the simultaneous loading of the phantom circuit with its 
associated side circuits is accomplished by the use at the loading- 





points of a coil common to the physical and the phantom circuits 
without the production of a stray field. Moreover, by the use of a 
coil made in accordance with this invention, the field produced by 
the phantom circuits can be used to load such circuits, and, more- 
over, such loading can be adjusted. The improved loading-coil 
illustrated consists of an annular core 1, with a diametral limb 2 
traversing the core magnetically symmetrically, and a single 
winding 3, wound, as shown, around the core on each side of the 
diametral limb. Currents due to the physical circuit produce 
a circular flux, shown by the outer circular dotted line a, while 


‘ means for, securing steel cylinders of internal- 
combustion engines—particularly engines for aircraft—to the 
crank-case, or of securing combustion heads to such cylinders, 
and has for its object to keep the cylinder extremely light and to 
retain the advantages of a boss made integral with the cylinder 
and drilled to accommodate a bolt or stud, while avoiding the 
use of metal requisite to distribute the load over a considerable 
area of the cylinder wall. The nt invention comprises 
essentially forming a pair of relatively thin flanges out of the 


Fig.1. 














solid at a suitable distance apart and towards either or both ends 
of the cylinder, and fitting hollow distance-pieces between the 
said flanges, the securing-bolts g through holes in the said 
flanges and through the hollow distance-pieces. Two flanges @ and 
b are turned oat of the solid and spaced at a suitable distance 
apart towards the extremity of the cylinder barrelc. At each 
point where it is decided to place a securing-bolt a hollow dis- 
-piece d is inserted a tight fit between the two flanges, and 

is located in position by a ferrule or sleeve ¢. When the securing- 
bolt is tightened up it will be observed that the arrangement 
rovides adequate —— for the flanges, and at the same time 
capable of distribu me the load over a greater portion of the 
circumference of the cylinder. (Sealed.) 


MOTOR ROAD VEHICLES. 


22,165/14. Auto Wheels, Limited, and A. M. Pooley, 
London. Motor Attachments for Cycles. (2 Figs.) 
Nov. 7, 1914.—This invention comprises a motor-driven road-wheel 
adapted to be substituted for the rear road-wheel of an ordinary 
standard pedal bicycle without necessitating any brazing ra- 
tion, and without necessitating any alteration in the part of the 
bicycle retained, and in which both the driving-motor and a gear, 
which is inco: between such motor and the motor-driven 
road-wheel are located at the side of the main plane of the wheel. 
a@ is the crank-casing of the engine from which the tubular boss ) 
projects, and in the interior of which tubular boss the crank- 


shaft c is di Around the tubular boss } the hub d of the 
rear road-wheel is disposed, which hub d r if desired, be 
ited i lation to the tubular boss b with intermediate 





a flux of the form shown by the inner dotted lines b, b is p 
by the phantom currents. It will be seen that with the construction 
herein shown it is possible to load the physical and phantom 
circuits simultaneously by means of a single core without the 
production of a stray or leakage field. It will be appreciated 
that the shape of the core is immaterial, the important feature 
being the traversing of the core by a limb to form magnetically 
symmetrical halves. By varying the cross-section of the iron 
path traversed by the flux due to the phantom currents it is 
possible to adjust the loading to which the phantom circuits are 
subjected. (Accepted November 10, 1915.) 


378/15. A. H. Rai and C. C. Garrard, London. 
Cable Joint-Boxes. [4 Figs.) January 9, 1915.—This inven- 
tion relates to improvements in joint-boxes suitable for armoured 
cables, and its object is to provide convenient and efficient means 
for clamping the armouring of the cable to the joint-box in such 
manner that the armouring can be firmly clamped to the box 
before the top or front or upper half of the box is put on, and, if 
desired, before the conductor joints are made. is invention 
consists essentially in the provision of an armour-clamp which 
can be fixed rigidly to the lower half of the joint-box, quite inde- 
pendently of the upper half thereof, whereby the cable and its 
armouring can be completely supported before any joint is made. 
In carrying the invention into effect, the lower portion A of the 
box underneath each cable inlet is provided with means, such as 
two or more bolts or studs B and nuts B!, for fixing to it the flanged 
armour-clamping members C, which are coned externally as shown. 











A flanged internally-coned clamping member or cap D, which 
corresponds with the externally-coned member, is provided for each 
clamp, and has holes or slots for passing over the said bolts or 
studs B that secure the members C to the ends of the box. The 
armouring E of the cable F is splayed out and laid over the 
externally-coned member © of the clamp, and firmly held 
it by means of the internally-coned member D and the 
ing nuts. It will thus be seen that the armouring E of the 
cableis first of all rigidly clamped to the box before ~ joint G 
in the conductor is made, and before the upper half A! of the 
box is bolted to the lower half A. It is essential, according to 
this invention, that the cable-clamps can be rigidly fixed to the 
lower half of the box, independently of the upper half of the box. 
Thus at least two bolts, screws or studs are used for fixing 
the armour clamps to the lower half of the box, and these are 
preferably arranged as nearly as possible across a di ter of the 
cable-clamp so as to ensure a firm fixing. (Sealed,) 


P- 





ball-bearings, or it may have a plane bearing upon the boss b, as 
shown. A fiy-wheel e is secured to the outer extremity of the 
crank-shaft c, and such crank-shaft c is in gear with the hub d 











through the medium of gearing (not shown) comprised of two 
pinions, or a double pinion, mounted upon an eccentrically-dis- 
shaft or spindle suitably incorporated within or in relation 

to the crank ing of the engine, the ee pinion a mesh 
with teeth / provided upon the crank-shaft, and the smaller pinion 
being in mesh with a -wheel g provided upon the hub d. 
A is a lug y provided upon the crank-casing or a part rigidly 
combined with, and i is a lug rigidly vided upon an 
ee eS y cocured around the outer 
= the tubular boss b. is annular member me, if 
desired, be split, and adapted to be clamped around the in 
such a manner that the lug i is Sa to the tubular 
e lugs h, ¢ are provided 

with perforations which are ax’ ly aligned, and the axes of 
which are parallel with the axis of the crank-shaft. To the per- 
forated portions of these ~ a rear stays of the cycle frame 
are adapted to be bolted by bolts k, k, these bolts being — 
to pass through the usual perforations in the rear stays J, 1 of the 
cycle frame, which perforations are customarily adapted to 








may 
tion o in advance of the points of connection viously 


bed, this having the effect of preven movement of the 
engine unit in nm to the cycle frame. engine, or the 


a thereof, occupies a position on the outer side of the 
frame stays of the cycle, and the fly-wheel e¢, which may occur on 
the other side of the cycle frame, also occupies a position on the 
outer side of the cycle-frame stays. A free-wheel sprocket p may 
suitably be ted upon or in connection with the motor- 
driven road-wheel hub d, and may be in 
the usual pedal-chain with the existing c 
80 


in-wheel and 
that the rider can start or assist 


ar by the medium of 
the motor. (Sealed. 


3924/15. The Small Arms Company, 
Limited, and C. A. Motor-Cycles. 
(5 Figs.) March 12, 1915.—This invention relates to a new or im- 


proved heel-stop for footboards of motor-cycles, and has for ite 
object the ae of a stop or support for the heel of the foot 
of the rider, which is capable of adjustment to any desired n 
on the footboard to suit or meet the varying requirements of 
different riders. A heel-stop for the foot of motor-cycles, 
according to this invention, comprises a semi-circular or curved 
plate adapted to be adjustably mounted on the footboard by 
means of a two-part attachment-clip, one end of the {plate bei 
secured to one part of the attachment-clip, whilst the other en 
is ad. to detachably en with the other of the attach- 
ment-clip. A semi-circular 1 is prov » preferably of 
springy strip metal, one end of which is riveted or otherwise 
secured to an w ‘ht lug 2, formed on a cli ent piece or 
side-plate 3, which embraces the edge of the foot 4 and 
extends along the underside to near the centre thereof, its inner 
end 6 being bent downwards at right angles, thus forming a de- 
pending lug or projection in which is provided a hole to receive 
a clamping-bolt 6. A second similar clip-attachment or side- 
plate 7 is also provided, which is adapted to fit the opposite side 
of the footboard 4, and to the upright lug 8, on the upper 
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side thereof, is detachably secured the one end 9 of the 
semi-circular heel-stop 1, which in one form may be effected 


by a stud or jection 10, riveted or otherwise secured to 
the heel-stop 1, and adapted to spring-wise engage with a 
hole formed in the upright lug 8 of the attachment - cli 


piece 7. The centre ae of the semi-circular heel-stop 1 
Rene, slightly inclined upward and outward, as seen in 
. 1,86 as to conform with the heel of the rider’s shoe, and its 
upper edge at 12 is provided with a backward roll or curve to 
prevent. ~hafing of the beel. By detachably securing the one end 
of the semi-circular heel-stop 1 to one part of the attachment-clip 
in the manner aforesaid it permits of the device being readil 
attached to or detached from the footboard 4, which latter 
usually supported near ite front and rear ends on arms or lugs 13, 
which are formed on or attached to the frame of the motor-cy cle. 
To fix the device in position, the two-piece attachment-clip is 
placed on the opposite edges of the footboard 4, the stud 10 on 
the detachable end of the semi-circular heel-stop 1 being d 
into engagement with the hole in the lug-part 8 on the side-plate 7, 
and the latter is then oar See in any desired position by 
the clamping-bolt 6. It will readily understood that to move 
or adjust the heel-stop it is only y 
the clamping-bolt 6 when the side-plates 8 and 7 are then free 
and can be moved to any desired position, and be there secured 
by again tightening the nut of the clamping-bolt. (Sealed.) 
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22,081/14. A. W. Rendell, London. Brake Com- 
pressors. (4 Figs.) November 6, 1914.—This invention relates 
to compressors, and particularly to machines of this description 
adapted to rate at relatively high speeds, In such com- 
pressors lubrication is usually effected by splash lubricators in 
the crank-case, and trouble is frequently experienced owing to 
the vaporisation of the oil due to the high-epeed running of the 
apparatus and other causes. The object of the present invention 
is to provide certain improvements in the construction of the 
compressor which render it possible to dispense entirely, if 
desired, with such forms of lubrication, thus enabling the crank- 
case to be kept practically free from oil. In carrying the invention 
into practice, the lubrication of the cylinders themselves is pre- 
ferably effected by means of air-carrying globules or small par- 
ticles of lubricant in suspension. Lubricators are known wherein 
i jon of the air from a compressor is caused to pass through 
a lubricant in a casing, carrying with it particles of the lubricant 
ins nsion, this air being afterwards drawn into the cylinder 
wherein the particles of lubricant ultimately become deposited on 
the working surfaces. According to this invention, the com- 
pressor com com) Pe - Paton driven from a common 
crank-shaft, the latter of which is built up of a number of 
elements 80 and connee together as to permit the 
insertion of ball-bearings in the big ends of the connecting-rods, 
and also, if desired, in the small ends of the connecting-rods. 
The compressor is shown as com ng @ pair of cylinders 1 and 

the cranks arranged at 1£0 deg., the crank-case 3 being 

shown as composed of two portions 4 ard 5, the portion 4 being 
formed integral with the cylinders 1 and 2, the portion 5 being 
capable of being bodily removed from the portion 4, the division 
line being preferably at an angle of, say, 45 deg. to the plane 
through the axisof the cylinders, as shown in . 2, im order that 
the lower of the casing may remain complete with any small 
accumulation of matter therein when the portion 6 of the crank- 
case is removed to give access to the crank-shaft. The crank- 
shaft 6 is shown as composed of three principal portions, two 
shaft members 7 and 8 extendi wpe the main bearings 9 of 
the crank casing, and each provided wi & crank 10, 11, the latter 
of which are united at the centre by a ble-headed crots-piece 
12. The crank-ehaft 6 is connected to pistons 13 and 14 by means 
rods 15 and 16 ively, both the big ends and 

the connecting- and also the main crank-shaft 
com ball-races, as will be hereinafter described. 
The compressor is preferably directly driven by an electric 


to slacken the nut of 








motor 
17 connected to the crank-shaft 6 of the compressor through a 
suitable form of coupling, as shown diagrammatically at 18. The 
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inlet of fluid to and its discharge from the cylinders 1 and 2 of 
the compressor are controlled by means of suction and delivery- 
valve arranged within the casting 19, constituting a cover for the 
cylinders. The cylinder lubricator may be applied in any con- 
venient tion, but preferably communicates with the air-inlet 
passage ading to the be J as shown in Fig. 2, the cylinder 
ubricator being shown at 31. The big ends of the connecting-rods 
are shown as com g ball-bearings 32, which, owing to the 
particular construction of the crank-shaft, may be applied to the 
cranks from the inner ends thereof before the inter iate b 


for closing automatically the main valve 
en speed is ex ed, such excess 
os for instance, in évent of fracture of a transmission 
shaft. Hitherto it has been to provide means for open- 
ing and closing throttle-valves and the like by governor-actuated 
gear, such means acting through the intermediary of —— 

control the movement of the main valve-spindle. present 
invention, which is designed only to close the main valve in 
emergency, consists in the provision of means, including a trip, 
and ble on actuation of a governor, for opening the 


the provision of means 
when a predetermined 





consisting of the double-headed cross-piece 12 is placed in position 
so as to complete the crank-shaft. The double-headed cross-piece 
12 may be arranged to clamp the inner member 33 of the ball- 
bearings 82 of each conneeting-rod end against a shoulder 34 on 
the crank, the double-headed cross-piece 12 being any held 
in position by a nut 35 on the inner end of each crank or in any 
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other suitable manuer. Bal-beasinge 36 are arranged in circular 
housings 87 at each side of the casing carrying the crank-shaft, 
the housings of these ball-bearings being formed by the two parte 
of the crank casing, as clearly shown in Fig. 1, and ball-bearin 
88 may be applied also at the small ends of the counesting cole 
surrounding the pins 39 inserted through the pistons of the com- 
eo. In a ferred construction the pins 39 are inserted 

m one side of the pistons 13 and 14, and ed in tion by 
screw-sockete 40 inse from the other side, a shoulder 41 on 
the pin and the end of the socket 40 serving to clamp between 
them the inner member 42 of the ball-bearings 88. From the 
above description it will be t that if the portion 5 of the 
crank casing be removed, and the crank-shaft itself be uncoupled 
ng motor, the whole crank-shaft can be taken out 
bodily, carrying with it ite ball-bearings and also the connecting- 
rods and compressor ns, it being, of course, possible to insert 
these parts again as a single unit. (Sealed.) 
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860/14. Cockburns, Limi: D. Cockb a 
D. cNicoll, Glasgow. Valve-Opecating tes 




















nism. (2 Figs.) November 21, 1914.—This invention relates to 
mechanism for operating valves such as described in the fi- 
cation No. 2000, of 1912. The object of the present inven’ is 


exhaust pilot-valve, whereby steam is exhausted from the side of 
the main valve-piston adjacent to the valve proper, and the valve 
is constra'ned to close. 1 denotes the main valve-spindle, 2 the 
piston, 3 the cylinder accommodating the 2, 4 the inlet 
rt to the cylinder, and 6 the outlet port; 6, 7 denote the valves 
or controlling the passage of fluid through the ports 4 and 5 
respectively. It will be jiated that concomitant operation 
of the inlet-valve 6 and exhaust-valve 7 will be accompanied by a 
movement of the piston 2 in the cylinder 3 and by a corresponding 
closing movement of the main valve. 8 denotes the member for 
controlling the operation of the main valve closure-control valve, 
the said member being preferably constituted by a lever fulcrumed 
at 9on the valve casing. e member 8 is arranged to engage 
the underside of a nut or eollar 10 fitted to the exhaust-valve 
spindle, so as, when rocked on ite fulcrum, to impart openin 
movement to the exhaust-valve. The member is conn 
to the main control-lever 11 by means of a link 12 to ensure 
that the inlet-valve 6 shall be maintained in an open position 
during the mw ny —— of the exhaust-valve 7, the link 
o— connected to the lever 11 by a pin-and-slot connection per- 
mitting sufficient lost motion to allow of normal operation of the 
lever 11. The member 8 is urged by a load constituted, for 
example, by a spring 13, the load acting to rock the member 
and, in effect, to impart closing movement to the closure-contro! 
valve. The member is n ly sustained against the rocking 
movement by a trip 14 pivoted on the valve casing, the said trip 
having a suitable connection with the usual governor, and 
, when operated by the governor on excess of a predeter- 


mined engine * ame to permit operation of the closure-control 
valve. ( \ ™ “ 
MISCELLANEOUS. 
23,072/14. The British ouston Com: . 
, London, 


t, R . - 
urfaces. Figs.) November 25, 1914.—The 

—— relates to the illumination of c such as pic- 
tures, advertisement posters, transparent ow-cases, shop 
windows and the like, and has for its object to provide an arrange- 
ment which will give, when desired, substantially uniform illumi- 
<i ed the bo of the surface or a - as a 
cul e arrangement for uniformly illumin 4 

a surface consists of an incandescent electric lamp of tubular form 
backed with a reflector of the trough type w is located at 
one side of the surface to be illuminated, so that a strong beam of 
light is directed at an angle to the surface towards the extreme 
e of the surface opposite to the lamp. In order to obtain a 
ce between the normal rays on the near half of the surface 

and the oblique rays on the far of the surface to give uniform 
illumination, the lamp must be located at some distance from the 
surface. The above arr ent is open to the objection that a 
considerable amount of light directed beyond the extreme oppo- 
site edge of the surface is wasted. The lamp being some distanee 
from the surface, the containing-box or _—_ ects further 
than may be desirable. There is also more ation than 
is necessary on the lamp side of the surface. This inven- 


Fig.1. 
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tion i in | the lamp with ite reflector close 
against the surface and projecting the reflected rays sub- 
stantially parallel to the surface on to a mirror at the extreme 
opposite side which is inclined at an angle rather less than 
90 deg. to the illuminated surface. By means of this arrange- 
ment the near portion of the surface is illuminated by direct 
rays from the lamp, whilst the indirect rays projected by 
the reflector on to the mirror are again reflected on to the distant 
portion of the surface. In this way the surface may be illumi- 
nated by transmitted or reflected light, and in neither case is the 
back or front of the surface oe covered or obstructed 
by a reflector. The lamp 1 is of the well-known double-ended 
tubular type of electric incandescent lamp, and is here shown at 
the bottom edge of the illuminated area, though it may also be 
located at the top or one of the sides. The lamp is mounted in a 


en . 8. It consists of a casing 3 of sheet metal, and 
the reflector 2 itself — a ee ae 
a sanaing 6 ge the axis of the P In 
the latter case light rays will be projected by the reflector 
obliquely towards each side of the . On the opposite side 
of the r, in the case shown the top edge, the mirror 4 is 
moun This ie a sheet of silvered glass or other reflecting 
surface—for example, glass with 

ee — it is shown by the arrows on the draw- 
ing. 

9390/15. G. A. Mower and 


general character where 

collapsible bags, which are shaken from time to 

to this invention, an air-filter comprises filter-bags 
periodicall 








whereby the said bags are ly caused to 
both ends, and are then released so that they extend 


come to a sudden stop, a shaking “‘ flick” thus being im to 
the bags. 1 designates the filter-body or casing, is in 
communication with a suction-chamber 2 at the and a dust- 


collecting hopper 3 at the bottom, as will be readily understood 
by those conversant with this general type of It will 
be ted that the suction-chamber will be in communication 
with a fan, blower, or other device adapted to create the neces- 
sary vacuum or vacuum. In such positions in the 1 
as will ensure the dust-laden air passing through them, collapsible 
filters 4 are arranged, the casing being divided into a number of 
chambers 5, in each of which a series of the filter-bags 4 are 
located. These filter-bags 4 are carried between upper and lower 
frames 6 and 7 respectively, to which they are attached in any 
suitable manner, such, for instance, as by means of spigote 8. 
Beneath the lower frames 7 bellows-like members 9 form con- 
tinuations of the filter-bags. The frames 6 and 7 carrying the 
filter-bags 4 are suspended from the roof of the casing 1 by means 
of flexible connections 10, which pass around the pulleys 11, the 
arrangement being such that the weight of the wer frames 7 
overbalances the weight of the upper frames 6, so that the filter- 
Sages 4 are normally stretched taut. It is necessary that the 
filter- be automatically shaken from time to time without 
interfering with the operations of the filter as a whole, and for 
this reason provision is made whereby the filter-bags in each section 
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are shaken successively while all the other sections are effectively 
operating. This is accomplished by means of mechanism which 
periodically shuts off a filter section from the vacuum-chamber 
and opens it to the atmosphere, and then causes the depression of 
the gl frame 6 of the section being cleaned with a corre- 
nding rising up of the lower frame 7. It will be clear that in 
is way the upper and lower frames — each other, and 
mechan’ is provided for ensuring a sudden release, so that the 
lower frame falls and pulls the upper frame up n, 80 that the 
bags suddenly tauten, and a distinct “‘ flick” is im to the 
bags, which results in a very effective shaking. The mechanisms 
for effecting these movements are all of similar construction, and 
are arranged over each pair of filter-sections, and actuated by a 
common shaft 12 driven by a belt co-operating with the pulleys 
13, and thus, by means of the worm 14, all the worm-wheels 15 
are continuously driven. Beneath the worm-wheel 15 there is 4 
peripheral cam 16, which serves to operate the valve mechanism 
of two filter-sections. This cam 16 co-operates with rollers on the 
ends of bell-crank levers 17 and 17a, which it operates ewe. 
Thus each bell-crank lever is rocked periodically, and periodically 
actuates its connecting-rod 18 to cause its valve 19 to cut off the 
filter-section it controls from the vacuum-chamber 2, and open it 
to the atmosphere. This tion is shown in Fig. 1. Upon the 
upper side of the worm-wheel 15 there is a cam-plate 20, which 
serves to control two sets of shaking mechanism—that is to say, 
throw in alternately clutches 21 and 21a to clutch 
up the “shaking” cams 22 and 22a respectively. Each of the 
“shaking ” came has a rise 23, which co-operates with a block 24 
fixed between Sw bars 25, which form the “ ary! 
lever. This “ ng” lever 25 is pivoted at one end as at 26, 
and ite other end engages the upper end of a rod 27, which slides 
through a bush in the roof of the casing 1, and is connected at its 


other end to the upper frame 6 carrying the filter- 4. It follows 
that in its rotation the cam 22 depresses the lever 25, and forces 
the upper frame 6 down a distance dependent on the shape of the 


cam 22, and it will be seen that if the upper frame 6 is depressed, 
the lower frame 7 will rise a similar’ distanoe, and the total 
effective collapse of the bags will be double this d Imme- 
diately the 23 of the cam 22 free of the block 24 
carried by the lever 25, the lower heavier frame 7 will immediately 
drop, and its rapid travel be brought to a sudden conclusion, 
thus shak one set of o filter-bags ro — es — 
number of es” has been imparted to boy = Is 
cam 22, and 











